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ABSTRAK 
Kajian ini bertujuan untuk memurnikan manual prosedur ujikaji Makmal 
Geoteknik KUiTTHO, dengan berkonsepkan mesra pengguna dan menggunakan 
pendekatan grafik. Selain itu, kajian ini juga bertujuan untuk menguji kebolehgunaan 
dan kebolehlaksanaan manual sebagai panduan pengajaran dan pembelajaran amali 
pelajar di Makmal Geoteknik KUiTTHO. Piawaian British Standard Method Of Test 
For Soil For Civil Engineering Purposes (BS 1377 : 1990) telah digunakan di dalam 
menghasilkan manual ini. Kajian telah dijalankan dengan menggunakan kaedah 
kuantitatif dan data telah dikumpulkan dengan menggunakan instrumen berbentuk 
borang soal selidik dan prototaip manual yang telah dimurnikan. Sampel kajian terdiri 
daripada tujuh (7) orang pensyarah dan penyelia Makmal Geoteknik dan seratus tujuh 
puluh (170) orang pelajar Jabatan Kejuruteraan Awam yang terlibat dengan 
pembelajaran amali di Makmal Geoteknik pada semester ke dua sesi 2002/2003. Data-
data yang diperolehi telah dianalisis dengan menggunakan kaedah peratusan dan min 
bagi mengetahui tahap persepsi staf dan pelajar terhadap manual yang dimurnikan. 
Hasil kajian menunjukkan manual bersifat mesra pengguna. Didapati penggunaan 
pendekatan grafik dapat membantu pemahaman pelajar dalam pembelajaran amali dan 
manual boleh diguna dan dilaksanakan sebagai panduan pelajar dalam pembelajaran 
amali di Makmal Geoteknik KUiTTHO. 
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ABSTRACT 
The study purpose is to enhance the experimental procedures manual of 
Geotechnic practice at KUiTTHO. It is a user friendly manual using the graph 
approach. Besides ofthat, the study also conducted to test the ability of manual to 
perform and it used as the practice in teaching and learning guideline in Geotechnic 
Laboratory at KUiTTHO. The British Standard Method of Test For Soil For Civil 
Engineering Purposes (BS 1377 : 1990) is referred to produce the manual with regard 
to the study. The study involves the quantitative survey using the questionnaire and 
manual as an instrument. The study sample sizes is about 177 consists of 7 lecturers 
and technician of the Geotechnic Laboratory and 170 students of the Civil 
Engineering Department. These students are taking their practice in the Geotechnic 
Laboratory in semester 2 session 2002/2003. The collected data, are analyse using the 
percentage and mean to know about the respondent perception toward the enhance 
manual. The result indicates that the manual is user friendly and are able to help the 
student to easily understood their practice in the Geotechnic Laboratory. The result 
also indicate the manual ability as a guideline for the learning and teaching practice in 
Geotechnic Laboratory, KUiTTHO. 
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1.1 Pengenaian 
Sistem pendidikan telah diakui merupakan satu wadah yang mampu 
mensejahterakan manusia melalui perubahan-perubahan. Pendidikanjuga merupakan 
jentera untuk menjanakan ilmu pengetahuan, ketrampilan dan nilai-nilai yang boleh 
membawa manusia sejagat ke satu tahap peradaban yang tinggi. Justeru itu 
pendidikan telah diakui sebagai satu proses yang membolehkan seseorang individu 
memperolehi dan menggunakan ilmu pengetahuan, nilai-nilai mumi dan kemahiran-
kemahiran tertentu. 
Menurut Wan Mohd Zahid (1993), aspek-aspek yang ditekankan dalam 
wawasan pendidikan negara ialah perpaduan antara kakitangan, kepimpinan dan 
pengurusan, khidmat penyayang yang mengutamakan nilai-nilai kemanusian, 
pengupayaan iaitu penurunan kuasa kepada orang bawahan, sistem pengesanan untuk 
mengelakkan pembaziran, budaya ilmu untuk menambah pengetahuan dan akhir 
sekali ialah budaya cemerlang. Lanjutan daripada wawasan tersebut, maka sistem 
pendidikan negara menjurus ke arah pendidikan yang berkualiti. 
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Sistem pendidikan yang berkualiti akan cuba memberi kepuasan kcpada 
pelanggan-pelanggan secara berterusan. Maka kualiti menjadi agenda yang tcrpcnting 
bagi sesebuah organisasi pendidikan dan aktiviti penambahbaikan kualiti pula 
merupakan satu tugas yang mencabar yang perlu dihadapi oleh semua pihak (Sallis, 
1993). Matlamat penambahbaikan kualiti sesebuah organisasi pendidikan adalah 
untuk memastikan produk yang dikeluarkan sentiasa memenuhi kehendak pclanggan. 
Apabila matlamat ini tidak dapat dicapai, maka organisasi berkenaan dikatakan 
menghadapi masalah kualiti. Masalah seperti ini perlu diatasi segera agar organisasi 
dapat mencapai matlamatnya dengan cemerlang. 
Selaras dengan kenyataan tersebut, Kolej Universiti Teknologi Tun Hussein 
ann (KUiTTHO) sebagai sebuah institusi pendidikan tinggi awam OPT A) yang baru 
mendapat pengiktirafan pada September 2000 perlu mengambil langkah untuk 
memastikan tahap kualiti pendidikan yang tinggi dapat dihasilkan dan diberikan 
kepada pelajar. Salah satu cara yang boleh dilakukan ialah dengan menghasilkan dan 
menggunakan alat bahan bantu mengajar (ABBM) yang berkualiti dalam pengajaran 
dan pembelajaran. 
ABBM merupakan salah satu elemen penting dalam pengajaran. Dalam 
banyak keadaan, ABBM bukan sahaja dapat membantu meningkatkan keberkesanan 
dalam pengajaran malah ia membantu memudahkan proses pembelajaran khususnya 
dalam memahami konsep-konsep atau idea-idea yang abstrak dan komplek. Selain 
daripada penjimatan masa yang optimum dalam penyampaian, penggunaan ABBM 
dapat memenuhi keperIuan, tahap dan citarasa yang berbeza di kalangan pelajar-
pelajar (Supyan Hussain, 2000). Ini menunjukkan bahawa dengan menghasilkan dan 
mengamalkan penggunaan bahan pengajaran secara optimum seperti manual 
pengajaran dan pembelajaran (P & P), maka proses pengajaran dan pembelajaran akan 
menjadi lebih berkesan. 
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1.2 Latar Belakang Masalah 
Di dalam bidang Kejuruteraan Awam, objektifutama kursus yang dijalankan 
adalah untuk melahirkan tenaga manusia yang mahir serta memahami asas-asas 
kejuruteraan awam, berkemampuan untuk mempraktikkannya dan berkebolehan 
dalam melaksanakan tanggungjawabnya sebagai bakaljurutera. Untuk mencapai 
objektifini dengan lebih berkesan, kursus te1ah dirancang dan disusun dengan rapi 
dan pe1ajar juga dikehendaki menjalani latihan amali di makmal disamping teori yang 
diberikan. Melalui pendekatan ini, latihan kerja dapat disatukan dengan pembelajaran 
di bilik kuliah yang berkaitan. Jadi secara tidak langsung pembelajaran amali dapat 
membantu proses pembelajaran teori. 
Mengikut realitinya, latihan makmal tidak secara automatik menghasilkan 
kemahiran yang automatik tetapi ia boleh diperolehi melalui amalan dan 
penganugerahan. Dalam hal ini latihan makmal menjadi penting kerana ia memberi 
peluang kepada pelajar untuk membuat perkara-perkara yang betul buat pertama 
kalinya. Bagi membolehkan proses pengajaran dan pembelajaran dapat dilaksanakan 
dengan efisien dan efektif, pihak makmal perlu menyediakan kemudahan untuk 
pembelajaran amali pelajar. Antaranya adalah seperti peralatan, kelengkapan dan 
kertas panduan ujikaji. Dengan kemudahan amali yang sempurna, peningkatan 
kemahiran secara menjalankan kerja-buat-sendiri oleh pelajar dapat dilaksanakan 
sebagai melengkapkan objektifmata pelajaran ini. 
Walaubagaimanapun penyediaan kemudahan ini bergantung kepada inisiatif 
pihak makmal dan pensyarah yang mengajar amali berkenaan. Dalam konteks 
pembelajaran amali di Makmal Geoteknik KUiTTHO, ketiadaan kertas panduan amali 
atau manual yang lengkap dan mudah difahami telah menimbulkan kesukaran kepada 
pelajar untuk mengikuti pembelajaran amali berkenaan dan menghasilkan 
kekecewaan. Kekurangan ini telah menyebabkan penyelia makmal terpaksa 
mengulang semula penerangan yang telah diberikan dan menyebabkan pelajar 
terpaksa mengambil masa yang panjang untuk menyiapkan sesuatu proses ujikaji. 
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Dalam sesetengah keadaan pelajar terpaksa mengulangi semula ujikaji yang telah 
dijalankan. Masalah ini telah mengganggu kelancaran proses amali yang dijalankan 
dan membentuk sikap negatif dalam diri pelajar. Memandangkan keadaan bilangan 
pelajar yang semakin bertambah dari satu semester ke satu semester maka sudah 
tentu jika masalah ini tidak diatasi ia akan berterusan dan akan melibatkan lebih ramai 
pe1ajar. Oleh itu, manual panduan ujikaji yangjelas, lengkap dan mudah difahami 
adalah penting untuk dihasilkan sebagai panduan. 
1.3 Penyataan Masalah 
Berdasarkan pengalaman pengkaji dan dapatan daripada pelajar-pelajar yang 
pemah menjalankan amali di Makmal Geoteknik KUiTTHO, didapati pelajar sukar 
melaksanakan ujikaji kerana tidak memahami dan mendapat gambaran yangjelas 
tentang langkah-Iangkah ujikaji yang perlu dijalankan apabila mengunakan manual 
sedia ada yang dibekalkan sebagai panduan ujikaji. Punca masalah ini adalah kerana 
manual sedia ada yang dibekalkan hanya mengandungi panduan dan arahan berbentuk 
teks sahaja. Selain itu, kandungan manual sedia ada juga terdapat kekurangan dan 
tidak seragam pada bahagian-bahagian tertentu antara satu tajuk ujikaji dengan satu 
tajuk ujikaji yang lain. Kekurangan dan kelemahan ini telah menyebabkan ramai 
pelajar tidak dapat menguasai dan memahami dengan baik pembelajaran amali yang 
dijalankan. Oleh itu satu altematif yang diambil untuk mengatasi masalah ini adalah 
dengan memurnikan manual sedia ada dengan berkonsepkan mesra pengguna dan 
menggunakan pendekatan grafik. 
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1.4 Soalan Kajian 
Kajian ini dijalankan berdasarkan kepada persoalan kajian berikut : 
1. Adakah manual yang dimumikan ini berkonsepkan mesra pengguna? 
2. Adakah penggunaan pendekatan grafik di dalarn manual prosedur ujikaji 
Makmal Geoteknik dapat menarnbahkan pemaharnan pelajar untuk 
menjalankan ujikaji? 
3. Adakah manual prosedur ujikaji yang dimurnikan ini dapat diguna dan 
dilaksanakan sebagai panduan untuk menjalankan proses ujikaji di Makmal 
Geoteknik KUiTTHO? 
1.5 Objektif Kajian 
Beberapa objektifkajian telah dibentuk dengan merujuk kepada persoalan 
kajian yang dinyatakan. Di antara objektif-objektifkajian ini adalah : 
I. Untuk memurnikan manual sedia ada Makmal Geoteknik dengan 
berkonsepkan mesra pengguna. 
5 
2. Untuk mengetahui adakah penggunaan pendekatan grafik di dalarn manual 
prosedur ujikaji Makmal Geoteknik dapat menambahkan pemaharnan pelajar 
untuk menjalankan ujikaji. 
3. Untuk menguji dan menentukan sarna ada manual yang telah dimurnikan 
dapat diguna dan dilaksanakan sebagai panduan untuk menjalankan proses 
ujikaji di Makmal Geoteknik KUiTTHO. 
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1.6 Skop Kajian 
Skop kajian yang telah dijalankan adalah terhad kepada Makmal Geoteknik 
KUiTTHO. Kajian ini hanya memberi tumpuan kepada keperluan-keperluan untuk 
memurnikan manual prosedur ujikaji Makmal Geoteknik yang berkonsepkan mesra 
pengguna dengan menggunakan pendekatan grafik dan bersifat kebolehgunaan. 
Piawaian yang digunakan dalam membina isi kandungan manual adalah dengan 
berdasarkan piawaian "British Standard 1377 (BS 1377) Method Of Test For Soil For 
Civil Engineering." Sampel yang digunakan dalam kajian ini adalah melibatkan 
pensyarah, staf dan pelajar-pelajar yang terlibat dengan pengajaran dan pembelajaran 
amali di makmal ini pada semester ke dua sesi 2002/2003 iaitu melibatkan responden 
seramai tujuh (7) orang stafmakmal Geoteknik dan seratus tujuh puluh (170) orang 
pelajar daripada 300 orang pelajar yang mengambil mata pelajaran amali geoteknik. 
1.7 Kepentingan Kajian 
Kepentingan kajian ini boleh dibahagikan kepada tiga pihak iaitu pensyarah, 
pelajar dan Makmal Geoteknik Jabatan Kejuruteraan Awam KUiTTHO. Pada 
pensyarah, MPUMG ini penting kerana dapat membantu pensyarah mengajar dengan 
lebih lancar dan bersistematik. Selain itu, manual yang dihasilkan ini dapat 
digunakan oleh pelajar sebagai panduan dalam melaksanakan ujikaji di Makmal 
Geoteknik. Apabila pelajar menggunakan manual ini sebagai panduan secara tidak 
langsung pelajar akan dapat memahami penerangan-penerangan dan arahan-arahan 
dengan lebih mudah, jelas dan mendalam. Secara tidak langsung pelajar akan dapat 
belajar dengan lebih cepat kerana proses pengajaran beIjalan dengan lancar dan lebih 
bersistematik seterusnya akan menghasilkan pelajar yang lebih berkualiti dan berdaya 
saing. Selain itu, dengan adanya manual ini, Makmal Geoteknik akan dapat memiliki 
sebuah manual ujikaji yang terbaru, lebih lengkap dan lebih mudah difahami dengan 
adanya gabungan teks dan grafik. 
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1.8 Kerangka Teori 
Kerangka teori ini adalah sebagai simbol atau gambaran kasar yang 
menunjukkan hala tuju kajian ini dijalankan. Ia menunjukkan perkaitan antara 
persoalan kajian dengan masalah yang dialami pelajar dan seterusnya menentukan 
tahap pemahaman pelajar dalam pembelajaran amali yang dijalankan. 
II 
I Manual II 
Tahap Pembelajaran (D) 
U 
Masalah Semasa 
Amali (C) 
/ , 
/ , 
II 
II 
Pengguna Makmal 
r----------I / , ~ Mesra Pengguna 'r------: 1
1
,_ I - ,- - - - - - - - - - -
----..., (A 1) 'Cij' I .... _____ ~ Persediaan & Minat : .... __ _ 
~ - - - - - - - - - - .. I ~ I..... , Pelajar (BI) ,"'< r----------I 15' I , ___________ , 
, Grafik ,,-------~ I S I ~ (A?) , I (;j ,-----------, 
~ - - - - - - - - - - .. § I , Alatan & , 
r - - - - - - - - - - I I ~ 1«-----1 Kelengkapan (B2) ,~---
~, FormatIBentuk ,,-------~ I 0:: I , ___________ , 
--,00'", (A~) , I ~ I 
-----------.1 ~ __ 
Sumber .' Diubahsuai daripada Mohd. Safirul Mohd. Noor (2002). 
Rajah 1.1 : Kerangka Teori 
Hubungkait : 
1. Jika (AI + A2 + A3) j dan (BI + B2) j maka C ~ dan Dj 
2. Iik. (AI + A2 + A3) ~ dan (81+ B2) t mak. c t d", D~ 
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UNTUK DIJA W AB OLEH PENSY ARAH 
BAHAGIANA: MAKLUMAT DIRI 
Panduan : Sila isikanjawapan anda di ruang yang disediakan. 
Tandakan ( ) pada ruang yang berkenaan. 
1. Jantina Le1aki Perempuan 
2. Umur (tahun) 23 -28 29-34 ) 
35 -40 >40 ( 
3. Bangsa: Melayu ( Cina ( India ( Lain-lain ( 
4. Status : Bujang ( Berkahwin ( ) 
5. Pengalaman Bekerja (tahun) : 
0-5 ( 5 - 10 ( 10 - 15 ( ) > 15 
6. Jawatan : 
Pensyarah ( Tutor ( Juruteknik ( 
7. Pengalaman (tahun) anda menyelia kerja amali pelajar di Makmal Geoteknik. 
0- 3 ( 4 - 6 ( 7 - 9 ( ) >1O( ) 
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BAHAGIANB: 
Panduan : Bulatkan satu jawapan sabaja daripada 5 jawapan yang diberikan. 
Sangat Tidak 
Setuju Tidak Setuju Kurang Setuju Setuju Sangat Setuju (STS) (TS) ~KS) (S) (SS) 
1 2 3 4 5 
SOALAN: 
i) Memurnikan Manual Dengan Berkonsepkan Mesra Pengguna 
No Item STS TS KS S SS 
1. Bahasa yang digunakan adalahjelas (terang 1 2 3 4 5 
dan mudah difahami). 
2. Ayat yang digunakan adalah ringkas, padat 1 2 3 4 5 
dan memudahkan penggunalpelajar 
memahami apa yang disampaikan. 
3. lsi kandungan disusun dengan teratur dan ia 1 2 3 4 5 
memudahkan pengguna menggunakannya. 
4. Pada bahagian objektif dan pengenalan 1 2 3 4 5 
ujikaji, penggunalpelajar dapat melihat 
gambaran awal tentang ujikaji yang akan 
dijalankan. 
5. Dengan adanya bahagian skop dan 1 2 3 4 5 
keperluan ujikaji, penggunalpelajar dapat 
mengetahui ten tang fungsi, kegunaan dan 
kepentingan hasil ujikaji yang diperolehi. 
6. Teori yang disertakan dapat memberikan 1 2 3 4 5 
perkaitan kepada penggunalpelajar tentang 
tajuk ujikaji yang akan dijalankan dengan 
pembelajaran teori yang telah dipelajari di 
dalam kelas. 
7. Arahan yang disampaikan di dalam manual 1 2 3 4 5 
adalah tepat. 
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No Item STS TS KS S SS 
8. Contoh yang disediakan dapat memberi 1 2 3 4 5 
panduan kepada penggunaJpelajar untuk 
menyelesaikan pengiraan data ujikaji yang 
diperolehi. 
9. Soalan-soalan yang disediakan adalah 1 2 3 4 5 
memadai dan ia sangat berkesan untuk 
menilai tahap penguasaan 
penggunaJpelajar. 
10. Rujukan yang disertakan dapat 1 2 3 4 5 
memudahkan penggunaJpelajar untuk 
mendapatkan maklumat tambahan tentang 
kerja amali yang dijalankan. 
11. Persembahan manual adalah teratur dan 1 2 3 4 5 
kemas. 
12. Format yang digunakan adalah terkini dan 1 2 3 4 5 
menarik perhatian penggunaJpelajar. 
ii. Penggunaan pendekatan grafik dalam manual ujikaji. 
No Item STS TS KS S SS 
13. Grafik (gambar) dalam manual ini dapat 1 2 3 4 5 
membantu penggunaJ pelajar memahami 
sesuatu maksud yang disampaikan dengan 
lebih cepat. 
14. PenggunaJpelajar lebih suka melihat grafik 1 2 3 4 5 
(gambar) dari membaca. 
15. Grafik dapat menghindar dari rasa bosan. 1 2 3 4 5 
16. Grafik dalam manual ini dapat memberi 1 2 3 4 5 
panduan kepada penggunaJpelajar untuk 
menjalankan ujikaji, 
17. Grafik dalam manual ini dapat 1 2 3 4 5 
memotivasikan penggunaJpelajar untuk 
menjalankan ujikaji. 
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No Item STS TS KS S SS 
18. Pengguna/pelajar dapat memahami sesuatu 1 
langkah kerja dengan lebih mudah dan 2 3 4 5 
cepat dengan adanya grafik dalam manual 
Ill!. 
19. Gandingan antara grafik dan ayat dalam 
manual ini dapat menerangkan sesuatu 
1 2 3 4 5 
arahan dengan lebih mudah danjelas. 
20. Saiz grafik yang digunakan adalah sesuai 1 2 3 4 5 
(tidak terlalu kecil atau besar). 
21. Susunan grafik dalam manual ini adalah 1 2 3 4 5 
teratur dan kemas. 
22. Grafik adalah penting untuk digunakan I 2 3 4 5 
dalam sesebuah manual prosedur ujikaji 
seperti ini. 
iii. Kebolebgunaan dan keboleblaksanaan Manual Sebagai Panduan Untuk 
Menjalankan Ujikaji Di Makmal Geoteknik KUiTTHO. 
No Item STS TS KS S SS 
23. Objektifpembelajaran yang hendak dicapai 1 2 3 4 5 
dalam manual ini tidak terlalu sukar. 
24. Kenyataan objektif pembelajaran di dalam 1 2 3 4 5 
manual ini memudahkan penetapan 
kemahiran yang perlu dicapai oleh pelajar. 
25. Hanya maklumat yang berkaitan dengan 1 2 3 4 5 
tajuk ujikaji sahaja di muatkan di dalam 
manual ini. 
26. Dengan menggunakan manual ini sebagai 1 2 3 4 5 
panduan, masa untuk pengguna/pelajar 
memahami arahan kerja menjadi lebih 
singkat. 
27. Pengguna/pelajar dapat menjalankan ujikaji 1 2 3 4 5 
dengan lebih lancar dengan berpandukan 
manual ini. 
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No Item STS TS KS S SS 
28. Manual ini meransang minat 1 2 3 4 5 
penggunaJpelajar untuk menjalankan 
ujikaji. 
29. Kesediaan pelajar menjalani sesi makmal 1 
menjadi lebih baik. 2 3 4 5 
30. Ia menjadikan sesi makmal 1 2 3 4 5 
penggunaJpelajar lebih bersistematik. 
31. Sesi makrnal penggunaJpelajar menjadi 1 2 3 4 5 
lebih bermanfaat. 
32. Manual ini sangat sesuai digunakan sebagai 1 2 3 4 5 
panduan dan rujukan oleh pengguna atau 
pelajar untuk menjalankan ujikaji di 
Makmal Geoteknik KUiTTHO. 
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UNTUK DIJA W AB OLEH PELAJAR 
BAHAGIAN A: MAKLUMAT DIRI 
Panduan : Sila isikanjawapan anda di ruang yang disediakan. 
Tandakan ( ) pada ruang yang berkenaan. 
l. Iantina Lelaki Perempuan ( 
2. Umur (tahun) 18 -20 21- 23 ) 
24-26 ( ) > 27 ) 
3. Bangsa : Melayu ( Cina ( ) India ( Lain-lain ( 
4. Latarbelakang pendidikan : 
Sek. Asrama Penuh Sek. Men. Teknik 
Sek. Men. Sains Sek. Men. Kebangsaan ( 
Lain-lain (nyatakan) 
--------
5. Iurusanlaliran semasa di sekolah menengah : 
Sains ( Kej ). Sastera ( Akaun ( 
Lain-lain (nyatakan) 
--------
6. Keputusan Bahasa Inggeris semasa peringkat SPM 
7. Adakah anda pemah menjalankan ujikaji di makmal semasa belajar di 
peringkat sekolah menengah ? 
Ya ( ) Tidak ( 
8. Merujuk soalan 7 jikajawapan anda 'Va' sila nyatakan nama mata pelajaran 
amali yang pemah andajalankan ujikaji: ____________ _ 
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BAHAGIANB: 
Panduan : Bulatkan satu jawapan sabaja daripada 5 jawapan yang diberikan. 
Sangat Tidak 
Setuju Tidak Setuju Kurang Setuju Setuju Sangat Setuju 
L8T8) (T8) (KS) (8) (88) 
1 2 3 4 5 
80ALAN: 
i) Memurnikan Manual Dengan Berkonsepkan Mesra Pengguna 
No Item 8T8 T8 KS 8 88 
1. Bahasa yang digunakan adalahjelas (terang 1 2 3 4 5 
dan mudah difahami). 
2. Ayat yang digunakan adalah ringkas, padat 1 2 3 4 5 
dan memudahkan penggunaJpelajar 
memahami apa yang disampaikan. 
3. lsi kandungan disusun dengan teratur dan ia I 2 3 4 5 
memudahkan pelajar menggunakannya. 
4. Pada bahagian objektif dan pengenalan 1 2 3 4 5 
tajuk ujikaji, penggunaJpelajar dapat 
melihat gambaran awal tentang ujikaji yang 
akan dijalankan. 
5. Dengan adanya bahagian skop dan 1 2 3 4 5 
keperluan ujikaji, penggunaJpelajar dapat 
mengetahui tentang fungsi, kegunaan dan 
kepentingan hasil ujikaji yang diperolehi. 
6. Teori yang disertakan dapat memberikan 1 2 3 4 5 
perkaitan kepada penggunaJpelajar tentang 
tajuk ujikaji yang akan dijalankan dengan 
pembelajaran teori yang telah dipelajari di 
dalam kelas. 
7. Arahan yang disampaikan di dalam manual I 2 3 4 5 
adalah tepat. 
TTA
PER
PUS
TAK
AAN
TUN
KU 
TUN
 AM
INA
H
82 
No Item STS TS KS S SS i 
8. Contoh yang disediakan dapat memberi J 2 3 4 5 
panduan kepada penggunaipeJajar untuk 
menyelesaikan pengiraan data ujikaji yang 
diperolehi. 
9. Soalan-soalan yang disediakan adalah I 2 3 4 5 
memadai dan ia sangat berkesan untuk 
menilai tahap penguasaan 
penggunalpelaj ar. 
10. Rujukan yang disertakan dapat I 2 3 4 5 
memudahkan penggunalpelajar untuk 
mendapatkan maklumat tambahan tentang 
kerja amali yang dijalankan. 
11. Persembahan manual adalah teratur dan 1 2 3 4 5 
kemas. 
12. Format yang digunakan adalah terkini dan 1 2 3 4 5 
menarik perhatian penggunalpelajar. 
ii. Penggunaan pendekatan grafik dalam manual ujikaji. 
No Item STS TS KS S SS 
13. Grafik (gambar) dalam manual ini dapat 1 2 3 4 5 
membantu penggunal pelajar memahami 
sesuatu maksud yang disampaikan dengan 
lebih cepat. 
14. Penggunalpelajar lebih suka melihat grafik 1 2 3 4 5 
(gambar) dari membaca. 
15. Grafik dapat menghindar dari rasa bosan. 1 2 3 4 5 
16. Grafik dalam manual ini dapat memberi 1 2 3 4 5 
panduan kepada penggunalpelajar untuk 
menjalankan ujikaji, 
17. Grafik dalam manual ini dapat 1 2 3 4 5 
memotivasikan penggunalpelajar untuk 
menjalankan ujikaji. 
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No Item STS TS KS S SS 
18. Pengguna/pelajar dapat memahami sesuatu 
langkah kerja dengan lebih mudah dan 1 2 3 4 5 
cepat dengan adanya grafik dalam manual 
ini. 
19. Gandingan antara grafik dan ayat dalam 
manual ini dapat menerangkan sesuatu 
1 2 3 4 5 
arahan dengan lebih mudah danjelas. 
20. Saiz grafik yang digunakan adalah sesuai 1 
(tidak terlalu kecil atau besar). 
2 3 4 5 
21. Susunan grafik dalam manual ini adalah 1 2 3 4 5 
teratur dan kemas. 
22. Grafik adalah penting untuk digunakan 1 2 3 4 5 
dalam sesebuah manual prosedur ujikaji 
seperti ini. 
iii. Kebolebgunaan dan keboleblaksanaan Manual Sebagai Panduan Untuk 
Menjalankan Ujikaji Di Makmal Geoteknik KUiTTHO. 
No Item STS TS KS S SS 
23. Objektifpembelajaran yang hendak dicapai 1 2 3 4 5 
dalam manual ini tidak terlalu sukar. 
24. Kenyataan objektif pembelajaran di dalam 1 2 3 4 5 
manual ini memudahkan penetapan 
kemahiran yang perlu dicapai oleh pelajar. 
25. Hanya maklurnat yang berkaitan dengan 1 2 3 4 5 
tajuk ujikaji sahaja di muatkan di dalam 
manual ini. 
26. Dengan menggunakan manual ini sebagai 1 2 3 4 5 
panduan, masa untuk pengguna/pelajar 
memahami arahan ketja menjadi lebih 
singkat. 
27. Pengguna/pelajar dapat menjalankan ujikaji 1 2 3 4 5 
dengan lebih lancar dengan berpandukan 
manual ini. 
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No Item STS TS KS S SS 
28. Manual ini meransang minat 1 2 3 4 5 
penggunaJpelajar untuk menjalankan 
ujikaji. 
29. Kesediaan pe1ajar menjalani sesi makmal 1 2 3 4 5 
menjadi lebih baik. 
30. Ia menjadikan sesi makmal 1 2 3 4 5 
penggunaJpelajar lebih bersistematik. 
31. Sesi makmal penggunaJpelajar menjadi 1 2 3 4 5 
lebih bermanfaat. 
32. Manual ini sangat sesuai digunakan sebagai 1 2 3 4 5 
panduan dan rujukan oleh pengguna atau 
pelajar untuk menjalankan ujikaji di 
Makmal Geoteknik KUiTTHO. 
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LAMPlRANB 
PENENTUAN SAIZ SAMPEL KAJIAN 
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PENENTUAN SAIZ SAMPEL UNTUK KAJIAN 
N S N S N 
10 10 220 140 1200 
15 14 230 144 1300 
20 19 240 148 1400 
25 24 250 152 1500 
30 28 260 159 1600 
35 32 270 162 1700 
40 36 280 165 1800 
45 40 290 169 1900 
50 44 300 175 2000 
55 48 320 181 2200 
60 52 340 186 2400 
65 56 360 191 2600 
70 59 380 196 2800 
75 63 400 201 3000 
80 66 420 205 3500 
85 70 440 210 4000 
90 73 460 214 4500 
95 76 480 217 5000 
100 80 500 226 6000 
110 86 550 226 7000 
120 92 600 234 8000 
130 97 650 242 9000 
140 103 700 248 10000 
150 108 750 254 15000 
160 113 800 260 20000 
170 118 850 265 30000 
180 123 900 269 40000 
190 127 950 274 50000 
200 132 1000 278 75000 
210 136 1100 285 100000 
Nota : N = saiz populasi, S = saiz sampel 
Sumber : Krejeie R. V. dan Morgan D. W. Determining Sample Saiz For Research. 
Educational and Psychological Measurement. 1970. 30607-610. 
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291 
297 
302 
306 
310 
313 
317 
320 
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HASIL ANALISIS PILOT TEST KE ATAS PELAJAR 
****** Method 1 (space saver) will be used for this analysis ****** 
R E L I A B I L I T Y A N A L Y 8 I 8 8 C ALE (A L P H A) 
Mean 8td Dev Cases 
1- 81 4.2000 .7678 20.0 
2. 82 4.2000 
.5231 20.0 
3. 83 4.5000 .6070 20.0 
4. 84 4.0500 .6048 20.0 
5. 85 4.3500 
.4894 20.0 
6. 86 4.6500 .5871 20.0 
7. 87 4.2000 
.6156 20.0 
8. 88 4.9000 .3078 20.0 
9. 89 4.2000 .6156 20.0 
10. 810 4.4500 .6863 20.0 
11- 811 4.6000 .5026 20.0 
12. 812 4.2500 .6387 20.0 
13 . 813 4.6500 .4894 20.0 
14. 814 4.7500 .5501 20.0 
15. 815 4.6500 .5871 20.0 
16. 816 4.4500 .5104 20.0 
17. 817 4.0500 .8256 20.0 
18. 818 4.7500 .4443 20.0 
19. 819 4.6500 .4894 20.0 
20. 820 4.2000 .5231 20.0 
21- 821 4.5500 .5104 20.0 
22. 822 4.7500 .5501 20.0 
23. 823 4.0000 .0000 20.0 
24. 824 4.2500 .5501 20.0 
25. 825 4.1000 .7182 20.0 
26. 826 4.3500 .6708 20.0 
27. 827 4.1000 .5525 20.0 
28. 828 4.6000 .5982 20.0 
29. 829 4.4500 .5104 20.0 
30. 830 4.4500 .6863 20.0 
31- 831 4.1500 .5871 20.0 
32. 832 4.5000 .5130 20.0 
N of 
8tatistics for Mean Variance 8td Dev Variables 
8CALE 140.9500 62.5763 7.9105 32 
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R ELI A B I LIT Y A N A L Y 8 I 8 8 CAL E (A L P H A) 
Item-total 8tatistics 
8cale 8cale Corrected 
Mean Variance Item- Alpha 
if Item if Item Total if Item 
Deleted Deleted Correlation Deleted 
81 136.7500 53.4605 .7594 .8410 
82 136.7500 59.8816 .2990 .8562 
83 136.4500 55.9447 .6898 .8455 
84 136.9000 61.4632 .0788 .8623 
85 136.6000 58.8842 .4597 .8526 
86 136.3000 59.8000 .2678 .8572 
87 136.7500 59.9868 .2318 .8583 
88 136.0500 61.5237 .1984 .8579 
89 136.7500 59.6711 .2656 .8574 
810 136.5000 58.2632 .3667 .8548 
811 136.3500 57.5026 .6324 .8485 
812 136.7000 58.3263 .3939 .8538 
813 136.3000 60.2211 .2786 .8566 
814 136.2000 61.2211 .1223 .8605 
815 136.3000 57.1684 .5703 .8491 
816 136.5000 60.0526 .2861 .8565 
817 136.9000 53.8842 .6609 .8443 
818 136.2000 62.1684 .0301 .8614 
819 136.3000 59.8000 .3352 .8554 
820 136.7500 58.9342 .4194 .8533 
821 136.4000 58.2526 .5215 .8510 
822 136.2000 58.3789 .4633 .8521 
823 136.9500 62.5763 .0000 .8593 
824 136.7000 58.3263 .4698 .8520 
825 136.8500 58.7658 .2992 .8571 
826 136.6000 58.0421 .3996 .8537 
827 136.8500 58.2395 .4781 .8517 
828 136.3500 62.1342 .0089 .8640 
829 136.5000 55.8421 .8486 .8431 
830 136.5000 56.7895 .5139 .8501 
831 136.8000 61.2211 .1100 .8613 
832 136.4500 61.1026 .1509 .8595 
Reliability Coefficients 
N of Cases 20.0 N of Items 32 
Alpha ; .8584 
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Preface 
This manual is produce to provide a completed manual of testing 
procedures for the Civil Engineering students, especially those who are 
working in the Geotechnic Lab in KUiTTHO. This manual consist of three 
major topics and eight subtopic for experiments. Within each subtopic, the 
experiment discussed briefly on the objectives, introduction, scope and purpose 
of the experiment that been held including the particular soil mechanic and 
geotechnic theories. The content of every topic is follow by the typical 
instruments procedure and typical common error. Besides of that, the example 
of the calculation and question also included to measured the students 
understanding about the topic involved.A table of data sheet for every subtopic 
are enclosed at the end of the subtopic. With this manual, I hope students that 
were running the lab test at the Geotechnic Laboratory will understand and will 
be able to runs these experiments with more efficient and smooth. 
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Preface 
MG/BKI Soil Classification And 
Description of Soil 
MGIBK I A (Sieve AnalysIs) :! 
MGIBKIB (Atterberg Limits) 
- Liquid Limit (Cone Penetrometer \tcthod) 10 
- Plastic Limit :!O 
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MGIBK2 Permeability Test 
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Topic I 
Soil Classification And Description 
of Soil 
1. MG/BKIA (Sieve Analysis) 
2. MG/BKIB (Atterberg Limits) 
- Liquid Limit (Cone Penetrometer Method) 
- Plastic Limit 
3. MG/BKIC (Determination of Specific Gravity) 
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-Faculty: Engineering 
Department: Civil Engineering 
Title: (SOIL CLASSIFICATION AND 
DESCRIPTION OF SOIL) 
Page: 
Edition: 
Cbeckif!g no : 
Effective date: 
Amendment date: 
esting SubTopic Under Topic Soil Classification And Description of Soil: 
1. MGIBKIA (Sieve Analysis) 
2. MGIBKlB (Atterberg Limits) - Liquid Limit (Cone Penetrometer Method) 
- Plastic Limit 
3. MGIBKIC (Determination of Specific Gravity) 
:udent Learning Objectives: 
Student should be able to: 
10f 75 
1. Understand the methods used to determine the size of soil particles in the laboratory; 
2. Carry out the calculation processes used in particle size determination; 
3. Understand the methods used to determine the consistency properties of fine grained soils 
in the laboratory; 
4. Carry out the calculation and plotting processes used in consistency limit methods of 
classification; 
5. Appreciate the way in which particle size and consistency properties are used to classify 
and predict the probable behaviour of soils and also to indicate the type of tests needed to 
assess their engineering characteristics. 
6. Understand how to use mass and weight measurement of the soil component to determine 
fundamental soil properties such as moisture content and specific gravity; 
epared by : Norhazizi Bin Abd Muthalib 
lte 
gnature 
Checked by: 
Date 
Signature 
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Faculty: Engineering 
/i'''-''''-'.' l .i . , , . «, ' Department: Civil Engineering Title: (SOIL CLASSIFICA nON) MGIBKIA - (Sieve Analysis) 
.0 OBJECTIVE: 
Edition: 
Cbecking no : 
Effective date: 
Amendment date: 
The sieve analysis de~ermines the grain size distribution curve of soil sample by passing 
hem through a stack of SIeves of decreasing mesh opening sizes and by measuring the weight 
'etained on each sieve. The sieve analysis is generally applied to the soil fraction larger than 
75J.lm . 
. 0 INTRODUCTION: 
(BS1377 : Part 2:1990:9.3), Sieving can be performed in either wet or dry conditions. Dry 
sieving is used only for soil with a negligible amount of plastic fines such as gravels and clean 
sands, where as wet sieving is applied to soils with plastic fines. According to the British 
Standard, dry sieving may be carried out only on materials for which this procedure gives the 
same results as the wet-sieving procedure. This means that it is applicable only to clean 
granular materials, which usually implies clean sandy or gravelly soils that is, soils containing 
negligible amounts of particles of silt or clay size. Normally the wet-sieving procedure should 
be followed for all soils. If particles of medium gravel size or larger are present in significant 
amounts, the initial size of the sample required may be such that riffling is necessary at some 
stage to reduce the sample to a manageable size for fine sieving . 
. 0 NEED AND SCOPE OF EXPERIMENT: 
The grain size analysis is widely used in classification of soils. The data obtained from 
grain size distribution curves is used in the design of filters for earth dams and to determine 
suitability of soil for road construction, air field etc. Information obtained from grain size 
analysis can be used to predict soil water movement although permeability tests are more 
generally used . 
. 0 THEORY: 
BS 1377 : 1990, allows either wet or dry sieving to be used, but the wet method is 
preferred. After oven drying, the test sample mass is determine before being separated into 
two parts, the first comprises that retained on a 20 mm sieve and the second that passing 20 
mm. That greater than 20 mm is dry sieves, while that smaller is wet sieve prior to being re-
sieved dry. The sieves used are generally chosen from the range (in mm) of 75, 63, 50, 37.5, 
28,20,14, lO, 6.3. 5, 3.35, 2, 1.18,0.6,0.425,0.3,0.212,0.15 and 0.063. The mass retained 
on each sieve is recorded, from which the percentage of the sample passing each sieve can be 
calculated. Material passing the 63 micron (0.063 mm) sieve is retained for a fine particle 
analysis, if the amount justifies the further test. The combined results of the coarse and fine 
analyses are plotted on a semi-logarithmic graph of the form shown in Figure 1.0, to give the 
particle size distribution curve. 
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Figure 1.0: Particle size grading curves of some typical soil 
Having plotted the results of the particle size analysis, the shape of the curve and its 
position on the chart can be used to indicate the nature of the soil. 
Figure 1.0, shows the grading curves of some typical soils. Thus a well-graded soil has a 
curve which is evenly spread and indicates a wide range of particle size. A uniformly graded 
soil has a near vertical curve indicating that the soil particles are approximately the same size. 
A poorly graded soil is one having a wide range of particle sizes but in which there is a lack of 
particles in one or more of the intermediate size ranges. This deficiency, or gap, is indicated 
by near horizontal section of the curve. 
Two additional pieces of information can be obtained to define the curve, the "effective 
size" and the "uniformity coefficient". The effective size of a soil is defined as "the particle 
size of the ten per cent passing fraction of that soil" and is denoted by the symbol dlo. The 
uniformity coefficient is defined as "the ratio of the sixty per cent passing fraction size to the 
ten per cent passing fraction size" and denoted by the symbol Cu where; 
d 60 
C u =--
dlO 
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5.0 APP AHA TUS : 
1. Series of standard sieves with opening ranging from 7 Scm to 75 I d ' db ' ~m mc u mg a covcr 
plate ~n ott~m pan. 
2. Test Sieve havmg the followmg aperture size 10 mm 6 mm, I mm 0.6mm. 0.3 mm. 0.15 
rom, 0.063 mm. ' 
3. Mechanical sieve shaker 
4. Balances sensitive O.Sg 
5. Soft wire brush 
Figure 1.1 : Typical stack of sieve for grain size analysis 
6.0 PROCEDURE: (Dry Sieving) 
1. Oven dry the sample, allow it to cool and measure its weight. 
2. Select a stack of sieves suitable to the soil being tested. A stack of six or seven sieves is 
generally sufficient for most soil and applications. The top sieves soil should have and 
opening slightly larger than the largest particles. Arrange the stack of sieves so that the 
largest mesh opening is at the top and the smallest is at the bottom. 
-i 
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Figure 1.2 : Stack of sieve 
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3. Attach a pan at the bottom of the sieve stack. Pour the sample on the top sieve. Add the 
cover plate to avoid dust and loss of particles while shaking 
Figure 1.3: The soil sample is poured on the stack of sieves 
4. Place the stack of sieves in the mechanical shaker and shake for about 10 min or until 
additional shaking does not produce appreciable changes in the amounts of material 
retained in each sieve. 
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Figure 1.4 : The stack of sieves is mounted on a mechanical shaker 
6 of 5 
Remove the stack of sieves from the shaker. Beginning with the top sieve, transfer its 
contents to a piece of the paper or a larger recipient. Carefully empty the sieve without 
losing any material, and use a brush to remove grains stuck in its mesh opening. 
Measure the weight of soil retained in each sieve and note the corresponding sieve 
mesh opening and number. 
Figure 1.5: The soil particles stuck in the mesh opening 
ofthe sieves are removed with a brush 
I. Repeat step 5 for each sieve. As a preliminary check, the weights retained on all the 
sieves and the bottom pan are added, and their sum is compared to the initial sample 
weight. Both weights should be within about 1 % if the difference is greater than 1 % 
too much material was lost and weighing and or sieves should be repeated. 
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According to Rollings and Rollings (1996), common laboratory error associated with 
the sieve analysis include: 
1. Failure to separate agglomerations of material (such as clay clods) into individual grains 
during the washing and mechanical sieving process. 
2. Loss of material during testing. 
3. Overloading of sieves. 
4. Broken or distorted sieves. 
5. Inadequate shaking of sieves 
o EXAMPLE AND QUESTION: 
Example: 
Data: Total mass of dry sample = 115.5g 
Sieve BS (mm) 
10 
6 
2 
1 
0.6 
0.3 
0.15 
0.063 
Pan 
Total mass 
Lost 
Mass Retained (g) 
0.0 
5.5 
25.7 
23.1 
22.0 
17.3 
12.7 
6.9 
2.3 
115.5 g 
o 
Mass Passing (g) 
115.5 
110.0 
84.3 
61.2 
39.2 
21.9 
9.2 
2.3 
From the data, plot a graph partical size versus percentage passing. 
% finer by weight 
100 
95 
73 
53 
34 
19 
8 
2 
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1, What is the purpose of grain size analysis? 
Page: 
Edition: 
CheckiJ!g no : 
Effective date: 
Amendment date: 
2. Under what conditions should you use wet sieving instead of dry sieving? 
8 of 7S 
3. What are the smallest and largest mesh openings used in practice for detennining grain 
size distribution? 
4. Is it possible to carry out a sieve analysis on a sample of clay? 
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g.O DATA SHEET: 
Location: Loc. No.: 
Soil description: Sample No. 
Sample type : Depth of Sample: 
Operator: Date Started: 
Sieve no. Mass Mass Cummulative 
size (rom) Retained (g) Passing (g) Percentage passing (%) 
Pan 
Total 
% Passing = 100- % Retained. 
Mass of dry sample = gram 
Plot particles size distribution chart. 
Cu 
d 60 
=---
d lo 
C = d30
2 
= 
c d60dlO 
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The liquid limit test detennines the liquid limit of a soil. This method covers the 
ietermination of the liquid limit of a sample of soil in its natural state or of a sample of soil 
Tom which material on 425/lm test sieve has been removed. By convention, the liquid limit 
s defined as the water content at 20 mm penetration in the penetrometer test. 
~ INTRODUCTION: 
The liquid limit, plastic limit and shrinkage limit are known collectively as the Atterberg 
jmits, after the Swedish scientist Dr A. Atterberg, who first defined them for the 
:lassification of agricultural soils in 1911. Originally they were detennined by means of 
:imple hand tests using an evaporating dish. The procedures were defined more precisely for 
:ngineering purposes by Professor A.Casagrande in 1932. The mechanical device he 
iesigned for detennining the liquid limit is still known as the Casagrande apparatus, but this 
las now been largely superseded in many countries by various types of cone penetrometer, 
'1hich has numerous advantages over that apparatus. The tests for determining the liquid and 
llastic limits are specified in BS1377: Part 2:1990 
) NEED AND SCOPE OF EXPERIMENT: 
Liquid limit is significant to know the stress history and general properties of the soil met 
'lith construction. From the results of liquid limit the compression index may be estimated. 
~he compression index value will help us in settlement analysis. If the natural moisture 
:ontent of soil is closer to liquid limit, the soil can be considered as soft if the moisture 
ontent is lesser than liquid limit. The soil is brittle and stiffer. 
I THEORY: 
The properties of fine grains soils are largely dependent on their consistency, which is itself 
-elated to the moister content of a dry sample of such a soil is increased is its state gradually 
:hanges from that of a solid, through semi-solid, through plastic and finally into a liquid 
onn. The arbitrary boundaries between these phases are called the "consistency limits" and 
he Atterberg limits provide a means of measuring and describing the plasticity range in 
lUmerical tenns. If sufficient water is mixed with a clay, it can be made into a slurry, which 
lehaves as a viscous liquid. This is known as the liquid' state. If the moisture content is 
~adually reduced by allowing it to dry out slowly, the clay eventually begins to hold 
ogether and to offer some resistance to defonnation; this is the 'plastic' state. With further 
oss of water the clay shrinks and the stiffuess increases until there is little plasticity left, and 
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he clay becomes brittle; this is the 'semi-solid' state. As drying continues, the clay continues 
o shrink in proportion to the amount of water lost, until it reaches the minimum volume 
Ittainable by this process. Beyond that point further drying results in no further decrease in 
/olume, and this is called the 'solid' state. 
These four states, or phases, are shown diagrammatically in Fig. 1.6. The change from one 
,hase to the next is not observable as a precise boundary, but takes place as a gradual 
ransition. Nevertheless three arbitrary but specific boundaries have been established 
:mpirically, as indicated in Fig. 1.6, and are universally recognised. The moisture contents at 
hese boundaries are known as the 
jquid limit (LL) (symbol wJ 
)lastic limit (PL) (symbol wp) The Atterberg limits or consistency limits 
,hrinkage limit (SL) (symbol ws) 
SOLID ~EMI-SOlID PLASTIC LlOUID :SUSPEN-
Phose 
STATE STATE STATE STATE I SION 
I 
I 
Water E 
Water content decreasing I 
I 
I 
Limits 
ShrinlkOge I. 1 Liq~id Dry Plastic ~-: 
soil limit L~it ~3 Limit 
SL LL 
PlO$ticity Index 
I. 
Shrinkage Volume Volume decreasin2 constant E 
Condition Hard to Workable I StiCky Slurry /Nolet" - held stiff Isuspenslon 
Sheor 
Sheor 5tre~t ~ increosin2 
Strength .. Negligible to nd 
( kN/m2) I (-170) (-H 
Moisture 0 
Content i ~. w~ wl ~PI-~··"i-
Figure 1.6: Phases of soil and the atterberg limit 
The "liquid limit" (LL) is the minimum moisture content at which a soil is assumed to flow 
lllder its own weight, which corresponds to 25 blows in the Casagrande test or 20 rom 
Jenetration in the penetrometer test. 
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The "shrinkage limit" (SL) is the water content at which further decrease in moisture does 
lot cause a decrease in volume of the soil. 
The "plasticity index" (P 1) is the range of moisture content over which the soil is plastic 
md is given by the expression, 
P[ = LL-PL 
The moisture content range between the PL and LL is known as the plasticity index (PI) 
,ymbol [p), and is a measure of the plasticity of the clay. Cohesionless soils have no 
lasticity phase, so their PT is zero. 
The tests to determine the Atterberg limits are carried out only on the fraction of soil which 
asses a 425 !lm sieve. For soils that contain particles coarser than that size, the particles 
!tained on the 425 !lm sieve must be removed as part of the sample preparation procedure. 
'he relationship between the consistency limits and the volume of a soil sample is shown in 
ig. 1.7. 
Solid 
SL 
Semi· 
solid 
PI 
Pl<lltic Liquid 
PL LL 
MoiltUre content 
Figure 1.7 : Consistency limits/volume relationship of a 
cohesive soil 
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.0 APPARATUS: 
1. Penetrometer apparatus complying with the requirements of 8S2000, Part 49. 
2. Cone for the penetrometer, the main features of which are as follows; 
- stainless steel or duralumin, 
- smooth and polished surface, 
- length approximately 35 mm and cone angle 30 
-
- sharp point and mass of cone and sliding shaft 80 g ± 0.1 g 
3. Sharpness gauge for cone, consisting of a small steel plate 1.75 mm ±O. I mm thick With 
a 1.5 mm:!o 0.02 mm diameter hole accurately drilled and reamed. 
4. Flat glass plate, about 500mm square and 10mm thick, with bevelled edges and rounded 
comers. 
5. Metal cups, of brass or aluminium alloy, 55m diameter and 40mm deep. The rim must 
be parallel to the base, which must be flat. 
6. Wash bottle containing distilled or de-ionised water. 
7. Metal straight-edge, about 100 mm long 
8. Palette knives or spatulas (two 200mm long x 30mm, one 150mm long x 25mm, one 
100mm long x 20mm. 
9. Moisture content apparatus. 
Figure 1.8: Apparatus for cone penetrometer liquid test 
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1. Plac~ a ~ample ~ about 300 g. soil passing 425 J..Im test sieve on the glass plate. If the 
plastic hmit test IS also to be done, set aside a small portion in a sealed bag or container 
before addmg too much water, and while the soil is still firm . 
Figure 1.9: Selection and preparation of sample 
2. Checking apparatus. 
The cone penetrometer apparatus must comply with Clauses 4.3 .2.3 and 4.3.2.4 of 
BSI377: Part 2: 1990. The main points to check are: 
a. The cone designed specially for testing soils must be fitted. 
b. Mass of cone and stem 80±0.1 g. This is most important. The stem is hollow, so that 
Lead - shot can be inserted to bring the cone and stem assembly to the specified 
mass. 
c. Sharpness of the cone point can be checked by pushing the tip into the hole of the 
sharpness gauge plate. If the point cannot be felt when brushed lightly with the tip 
of the finger, the cone should be replaced. 
d. The cone must fall freely when the release button is pushed, and the sliding shaft 
must be clean and dry. 
e. The penetration dial indicator should be calibrated by inserting gauge blocks 
between the stem of the indicator and the top of the cone sliding shaft. 
Alternatively, calibrated vernier calipers could be used. 
f. The apparatus must stand on a firm level bench. 
g. If the apparatus is fitted with an automatic timing device, this should automatically 
lock the cone shaft assembly 5 seconds after pressing the button which releases it. 
This time interval should be verified against a reference timer. 
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i. Mix the soil paste on the glass plate with the spatulas for at least IOmm. ... orne ~oils. 
especially heavy clays, may need a longer mixing tlme, up to 40101 . If necessary add 
more distilled or de-ionised water to give a cone penelration of about 15 mm, and ml\ 
well in. It is essential to obtain a uniform distribution of water throughout the sample. 
Figure 1.10: Process to mixing the soil 
~. Placing in cup. 
a. Press the soil paste against the side of the cup, to avoid trapping air. Press more 
paste well into the bottom of the cup, without creating an air-pocket. 
b. Fill the middle and press well down. The small spatula is convenient for these 
operations. 
c. The top surface is finally smoothed off level with the rim using the straight-edge. 
Figure 1.11 : Placing soil in a cup 
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S. Lock the cone and shaft unit near the upper end of its travel and lower the supporting 
assembly carefully so that the tip of the cone is within a few mm of the surface of the 
soil in the cup. Hold the cone, press the release button and adjust the height of the cone 
so that the tip just touches the soil surface. 
Figure 1.12: Adjustment of cone 
J. Lower the stem of the dial gauge to make contact with the top of the cone shaft. Record 
the reading of the dial gauge to the nearest 0.1 mm (RJ). Alternatively, if the pointer is 
mounted on a friction sleeve, adjust the pointer to read zero (i.e. RJ =0). 
t~. y •....  ;: 
'" . . -, .J. • ~.'It .~. I~, 't'~ ~.. ~'.",l " "" . 
.. . ·'···.·'·······t2k~:,. 
~- ....... . 
~Y"" . ., ~ .~ 
Figure 1.13 : Adjustment of dial gauge 
, Allow the cone to fall by pressing the button, which must be held in the pressed position 
for 5 seconds, timed with a seconds timer or watch. If an auto-timer is used it is 
necessary only to press the button and release it immediately. Automatic re-locking of 
the stem is indicated by a click. Record the dial reading to the nearest 0.1 mm (R2) . 
Record the difference between RJ and R2 as the cone penetration. If the pointer was 
initially set to read zero, the reading R2 gives the cone penetration directly. 
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Figure 1.14 : Press the button to fall the cone and take a reading 
] 7 of 75 
Lift out the cone and clean it carefully. Avoid touching the sliding stem. Add a little 
more wet soil to the cup, without entrapping air, smooth off, and repeat stages (5), (6) 
and (7). 
I Take a moisture content sample (± 109) from the area penetrated by the cone. 
Figure 1.15 : Process to take a moisture content. 
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10. From the graph the moisture content corresponding to a cone penetration of 20 mm is 
read off the nearest 0.1 %. The results is reported to the nearest whole number as the 
liquid limit (cone test). The plastic limit and plastic index are usually reported with the 
liquid limit. 
COMMON ERROR: 
According to Rollings and Rollings (1996), common laboratory error associated with the 
cone penetrometer test include: 
1. Nonrepresentative sample (the soil sample must be the same for both the liquid 
and the plastic limit tests) 
2. Improperly prepared and cured samples. 
3. Incorrect water content determination. 
EXAMPLE AND QUESTION: 
Refer page 25. PTTA
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o DATA SHEET: 
Location: Loc. No.: 
Soil description: Sample No. 
Sample type: Depth of Sample: 
operator: Date Started: 
Test no. 1 2 3 4 
Dail gauge reading (Start) mm 
Dail gauge reading (End) mm 
Cone penetration mm 
I I I I 
Average penetration mm 
Can no. 
Mass of can gram 
Mass of can + wet sample gram 
Mass of can + dry sample gram 
Mass of water gram 
Mass of dry sample gram 
Moisture content % 
>lot result semi-log graph and determine the liquid limit. 
-iquid Limit (LL) = % 
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The plastic limit test is used to detennine the lowest moisture content at which the soil 
behaves plastically. It is carried out only on the soil fraction passing No. 40 sieve (425Ilm) 
and is usually perfonned in conjunction with the liquid limit test. By convention the plastic 
limit of a soil is defined as the water content at which the soil begins to crumble when rolled 
into a thread 3 mm in diameter . 
. 0 INTRODUCTION: 
Plastic limit is the water content corresponding to the behavior change between the liquid 
and plastic states of a silt and clay. In general, clays of high plasticity are likely to have a 
lower penneability, to be more compressible and to consolidate over a longer period of time 
under load than clays of low plasticity. High-plasticity clays are more difficult to compact 
when used as fill material. While the liquid and plastic limits indicate the type of clay in a 
cohesive soil, the condition of the clay is dependent upon its moisture content in relation to 
those limits, as expressed by the liquidity index. The moisture content used for detennining 
liquidity index should be related to the fraction of soil passing the 4251lm sieve. Those 
engineering properties which govern shear strength and compressibility are largely dependent 
upon this relationship . 
. 0 NEED AND SCOPE OF EXPERIMENT: 
The plastics limits and liquid limit are used internationally for soil identification and 
classification and for strength correlation. The potential for volume change can often be 
detected from the plastic limit and liquid limit test. And both limits may be useful in 
predicting maximum density in compaction studies . 
. 0 THEORY: 
Refer page 10. 
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.0 APPARATUS: 
1. The most important piece of apparatus for this test IS the hand of operator, which should 
be clean and free from grease. 
2. Evaporating dish. 
3. A separate glass plate reserved for rolling of threads. This should be smooth and frce from 
scratches, and about 300 rnm square and 10mm thick. The surface condition of the plall: 
can affect the behaviour of rolled threads, and the use of unscratched glass reduces the 
likelihood of discrepancies. An alternative is to reserve one side of the mIxing plate for 
thread rolling, and avoid mixing the soil on this area. 
4. Two palette knives or spatulas. 
5. A short length (say 100 mm) of3mm diameter metal rod. 
6. Standard moisture content apparatus (container, balance and oven) 
Figure 1.16 : Apparatus for plastic Limit test 
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I. Take ~bout 20 g of the prepared soil paste and spread it on the glass mixing plate. Mix 
occasIOnally to aVOId local drying out. It is convenient to set aside this sample just 
before carrymg out the liquid limit test. 
Figure 1.17 Prepared soil paste. 
2. When the soil is plastic enough, it is well kneaded and then shaped into a ball. When 
slight cracks begin to appear on the surface, divide the ball into two portions each of 
about 10 g. Further divide each into four equal parts, but keep each set of four parts 
together. 
Figure 1.18 : Rolling into ball and four equal part of soil after divide. 
3. Using a steady pressure, roll this mass into a thread between the fmgers of one hand 
and the surface of the glass plate. The pressure should reduce the diameter of the 
thread from 6 mm to about 3 mm after between five and ten back-and-forth movements 
of the hand. It is important to maintain a uniform rolling pressure throughout; do not 
reduce pressure as the thread approaches 3 mm diameter. 
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4. Dry the soil further by moulding between the fingers again, not by continued rolling 
which gives a dried crust. Form it into a thread and roll out again as before. Repeat this 
procedure until the thread crumbles when it has been rolled to 3 mm diameter. The 
metal rod serves as a reference for gauging this diameter. The first crumbling point is 
the plastic limit 
Figure l.20 The soil specimen is rolled under the fingers into 
a thread 3 mm diameter. 
5. As soon as the crumbling stage is reached, gather the crumbled threads and place them 
in a weighed moisture content container. Replace the lid immediately. 
6. Repeat stage (3) for the other three pieces of soil, and place in the same container. 
Weigh the container and soil as soon as possible, dry in the oven overnight, cool and 
weigh dry. as in the standard moisture content procedure. Repeat stages (3) - (5) on the 
other set of four portions of the soil, using a second moisture content container. 
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Figure 1.21 Process for measure moisture content. 
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7. Calculate the moisture content of the soil in each of the two containers. Take the 
average of the two results. If they differ by more than 0.5% moisture content, the test 
should be repeated. 
COMMON ERROR: 
According to Rollings and Rollings (1996), common laboratory error associated with the 
cone penetrometer test include: 
1. Nonrepresentative sample (the soil sample must be the same for both the liquid and the 
plastic limit tests). 
2. Improperly prepared and cured samples. 
3. Incorrect water content determination. 
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.0 EXAMPLE AND QUESTION: 
astic Limit 
Test Number 1 2 3 4 Average Container no. C! C5 B7 
Wet soil & container 14.99 15.06 17.62 
Dry soil & container 13.48 13.60 15.58 
Container 7.94 7.99 7.97 
IDry soil 5.54 5.61 7.61 
Moisture loss 1.51 1.46 2.04 
I MOISTURE CONTENT 27.26 26.02 26.81 26.70 
quid Limit 
'est number 1 2 3 4 
:one penetration mm 15.5 15.1 19.0 I 19.0 22.0 I 21.8 25.4 125.2 
lverage penetration mm 15.3 19.0 21.9 25.3 
:ontainer no. 20 56 59 62 
Vet soil & container g 46.78 57.20 63.60 71.72 
)ry soil & container g 32.51 38.31 41.64 45.78 
:ontainer g 8.31 8.35 8.26 8.29 
>ry soil g 24.20 29.96 33.38 37049 
10isture loss g 14.27 18.89 21.96 25.94 
101STURE CONTENT % 58.97 63.05 65.79 69.19 
--- ·--·-=t:-/~·' ~.I Liquid limit (cone test) and plastic 25 i limit result and graph . .. -
-I V ZA .-
./ , ._ .. - .. -
--- : k- f-c-'-23 ·-'ll --.... -~ 
I 122 .. ~-/ "- -..:-
! 21 '--~';r- , _., .... 
-'r ~ 
~ ·~~ .. I I o eo~-~ .. - .. - I • - ___ ---I. • 
i .. 
2 H--: III ._. , :u -_ .. _- --0 _ ... _-
-
I-+-~ 18 , - -'~~ I-- --- -_ ...•• 
~ . -.~ --- . --_._ . , Result: .... , - , 17 rr --. - -- .. _.- I - . 
.~ 1.8 16 ; LL = 64 ~.- "'_. 
-1+ .- ! ·15 , PL = 27 
~-.--- -- .. _- .. _-_., -,-.. -60 fl lIS' I , .; 171> i PI = 37 
MOISTuRE CONTENT ow. 
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Questions: 
1. What are the definitions of liquid and plastic limit? Are these definitions based on 
theoretical or empirical concepts? 
2. A sample of wet clay and its container weigh 1 02g.After oven drying the sample 
and the container weigh 60 g. What is the water content? 
3, Is there is a typical value for the LL for clean sand? Justify your answer. 
} DATA SHEET: 
Location: Loc. No.: 
Soil description: Sample No. 
Sample type: Depth of Sample: 
Operator: Date Started : 
Determination No. Unit 1 2 3 4 
Can no. 
Mass of can + moist soil (Mcws) gram 
Mass of can + dry soil (Mcs) gram 
Mass of can (Mc) gram 
Mass of water (Mw) gram 
Mass of dry soil (Ms) gram 
Water content % 
Plastic limit % 
llastic limit = % 
jquid limit = % 
llasticity index = Liquid Limit - Plastic Limit = % 
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1.0 OBJECTIVE: 
The specific gravity (Gs) of a soil is defined as the ratio between the unit masses of soil 
particles and water. Gs is useful for determining weight- volume relationships. J 
2.0 INTRODUCTION: 
The specific gravity of solid Gs is a dimensionless parameter that relates the density of the 
soil particles ps to the density of water p .. ,or Gs = p, /P •. The density of the soil particles 
ps is defined as the mass in air of dry solids M, at a stated temperature divided by the 
volume of the solid Vs at the same stated temperature, or p, = M, / V,. 
3.0 NEED AND SCOPE OF EXPERIMENT: 
The knowledge of specific gravity is needed in calculation of soil properties like void ratio. 
degree of saturation etc. 
4.0 THEORY: 
The specific gravity (Gs), of a material is defined as the ratio of the weight (or mass) of a 
given volume of the material to the weight (or mass) of an equal volume of water. In the case 
of a density bottle method: 
A sample of pre-dried soil is placed in a standard density bottle, of which the mass 
including the stopper is mi. The combined mass of soil, bottle and stopper is m2. De-aired, 
distilled water is added and the whole vacuumed to remove air prior to topping up and 
insertion of the stopper. After drying the outside of the bottle, stopper, soil and water, mJ. is 
determined. The bottle is then emptied, refilled with de-aired water only, the exterior again 
dried and the mass of bottle, stopper and water, IlLI is recorded. Then, 
Gs = mass of soil particles 
Mass of an equal volume of water 
and is found from the expression : 
! 
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III' -Ill, is the mass of soil sample; 
III: - Ill, is the mass of water contained by the density bottle; 
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1Il3 - 1112 is the mass of water occupying the volume not occupied by the soil and thus; 
(m4 - Ill,) - (1113 - 1112) is the mass of water occupying a volume equal to that of the soil particles. 
Hence the specific gravity Gs of a soil is calculated as follows; 
Where Ws is the weight of the dry soil, WFS is the weight of the flask filled with soil and 
water and WFW is the weight of the flask filled with deaired water only. 
5.0 APPARATUS: 
1. Volumetric flasks (250 or 500 ml) with stoppers, numbered and calibrated 
2. Vacuum pump. 
3. Balance accurate to O.Olg 
4. Distilled deaired water. 
5. Thermometer, ranging from 0 to 500 C, accurate to 0.50 C 
6. Drying oven 
7. Evaporating dish 
Figure 1.22: Apparatus for determination of specific gravity 
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J. Take a soil sample from the oven with 1050 - 1100 C temperature. Then cooled the soil 
in the drying oven. 
Figure 1.23 : Soil sample pass sieve bs 2mm 
2. Clean, dried and weight the density bottle, (m)). 
Figure 1.24 : Measure the weight of bottle and stopper. 
3. Take about 5 - 109 a soil sample from the soil, passing sieve BS 2 mm and put into the 
bottle, closed and weight it (m2)' 
Figure 1.25 : Placed a soil sample into a bottle and weight the soil, bottle and stopper 
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4. Inserted the distilled water Into the density bottle and save in the vacuumed Instrument 
in about 1 hour. Then shake the bottle and added the distilled water until full ed. Then 
let it for I hour. r-,.r-----____ ~ __ ~ 
Figure 1.26 : De-aired, distilled water is added and the whole vacuumed to remove air 
5. Dried the density bottle surface and weight it with it's contained (/113). 
Figure 1.27 : Measure the weight of bottle, stopper, soil and water 
6. Then out of the soil and water from the bottle. Clean and filled the bottle with water and 
let it be for 1 hour. Next add the water into the original level if the water level a lesser. 
Weight the bottle and water as (1114). 
Figure 1.28 : Measure the weight of bottle, stopper and water 
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7. Repeat the test to calculate additional values of Gs until the values of Gs are within 2 % 
of each other. 
7.0 COMMON ERROR: 
According to Rollings and Rollings (1996), common laboratory error for the 
determination of the specific gravity of solids Gs are as follows: 
1. Imprecise weights of density bottle and its contents (e.g., the flask is not clean). 
2. Moisture on the outside of the density bottle or on the inside of its neck. 
3. Meniscus not level with mark on neck of density bottle. 
4. Use of tap water or other water that is not distilled or demineralized 
Incomplete removal of entrapped air from soil suspension. This is often the most serious 
error and will tend to lower the computed value. 
8.0 EXAMPLE AND QUESTION: 
Example: 
An in situ test to determine the unit weight of a soil was carried out using the sand 
replacement method. 4.620 kg of soil were extracted from the hole which was then refilled 
using 3.600 kg of loose, dry, standard sand, the sand having a dry density of 1.570 Mg/m3. 
A specific gravity determination of the soil particles, using a density bottle yielded the 
following data: 
mass of density bottle and stopper mj= 25.001 g 
mass of density bottle plus stopper plus oven dried soil m2 = 36.909g 
mass of density bottle plus stopper plus soil plus distilled water m3= 62.587g 
mass of density bottle plus stopper plus distilled water m4= 55.212 g 
The results of a water content test on a sample of the soil were as follows: 
mass of tin plus wet soil mj= 24.104 g 
mass of tin plus dry soil m6 = 22.103 g 
massoftin m7 = 12.302 g 
Given that the specific gravity of the soil particles (Gs) 
Gs= mass of solid particles 
mass of an equal volume of water 
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(a) The specific gravity of the soil particles; 
The mass of the solids a = 36.909 - 25.001 
= 11.908g 
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The submerged mass of the solids = m3 - IILj = m', 
= 62.587 - 55.212 = 7.375 g 
The mass of water displaced by the solids is (ms)Vs = m, - m', = 11.908 _ 7.375 
= 4.533 g 
The specific gravity of the particles = ~ = 11.908/4.533 
mwxV, 
= 2.627 
(b) The moisture content; 
m m -m 24.104-22.103 
w = --.!!:. = ~ = ------ = 0.204 or 20.4 % 
m, m6 -m7 22.103-12.302 
Question: 
I. Define specific gravity of soil. 
2. What typical values of the specific gravity for soil? 
3. Why do we use vacuum while detennining the specific gravity of soils? 
32 of 75 
4. What is the effect of the water temperature on the detennination of the specific gravity of 
soils? 
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9.0 DATA SHEET: 
Location: Loc. No.: 
Soil description: Sample No. 
Sample type : Depth of Sample: 
Operator: Date Started : 
Test no. I 2 3 4 
Bottle no. 
Mass of density bottle and stopper (ml) 
Mass of density bottle plus stopper plus 
oven dried soil (m2) 
Mass of density bottle plus stopper plus soil 
I plus distilled water (m3) 
Mass of density bottle plus stopper plus 
distilled water (m4 ) 
Mass of soil sample (m2- ml) 
Mass of water contained by the density 
bottle (m4 ml) 
Mass of water occupying the volume not 
occupied by the soil and thus (m3 m2) 
Mass of water occupying a volume equal to 
that of the soil particles 
(m4 ml) (m3 m2) 
Gs = mass of solid particles 
Mass of an equal volume of water 
m2-ml G= 
(m4 - ml)- (m3 - mJ 
Average Specific gravity = 
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Water In Soil (Permeability Test) 
1. MGIBK2A (Constant Head Method) 
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sting Sub Topic Under Topic Water In Soil (Permeability Test) : 
.. MGIBK2A (Constant Head Method) 
, MGIBK2B (Falling Head Method) 
udent should be able to: 
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1. Understand the significance of the presence of water in soils and the different ways in 
which it can occupy the voids between the soil particles; 
2. Appreciate the various factors which influence the rate at which water can flow in a soil 
and understand the fundamental law proposed by Darcy which governs that flow; 
3. Understand the experimental procedures needed in order to determine values for the 
coefficient of permeability of soils in the laboratory. PTTA
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The constant head penneability test is used to detennine the coefficient ofpenneability of 
;amples of coarse-grained soil (such as sand and gravel). 
) INTRODUCTION: 
Permeability is defined as the ability of water to flow through a saturated soil. A high 
permeability indicates that water flows rapidly through the void spaces, and vice versa. A 
measure of the soil's penneability is the coefficient of permeability, also known as the 
hydraulic conductivity. The coefficient of penneability can be measured in the laboratory by 
using the constant head test or the falling head test. In the constant head test, a constant head 
drop is applied to the soil sample, and the resulting seepage quantity is measured. The 
constant head test is used primarily for coarse-grained soils (clean sands and gravels) with 
" 10-3 mmls. For fine-pained soils, the seepage quantity becomes too small to be measured 
accurately. 
) NEED AND SCOPE OF EXPERIMENT: 
The knowledge of this property is much useful in solving problems involving yield of 
water bearing strata, seepage through earthen dams, stability of earthen dams, and 
embankments of canal bank affected by seepage, settlement etc. 
) THEORY: 
Darcy's Law, 
The measure of the ease with which water flows through a saturated soil is tenned the 
permeability of that soil. Darcy propounded the following law relating to the steady flow of 
water through a soil. 
Where, Q = quantity of water 
t = time of flow; 
q=kiA= Q = 
t 
k = coefficient of penneability; 
A = cross-sectional area of soil; 
h = hydraulic head over length I; and 
1 = length of flow path through the soil. 
h 
- = hydraulic gradient = I 
I 
kAh 
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and the velocity of flow; 
v = Q then k JL v 
tA ' 
= = -
tAi i 
For laboratory testing; 
Coefficient of permeability can be determined in the laboratory by means of permeameter 
test. The coefficient of permeability is then calculated from the expression, 
k= 
Ql 
Aht 
where Q = quantity of water collected in time: 
I = distance between standpipe connections: 
h = h2 - hI = difference in water level in standpipes: and 
A = cross-sectional area of soil sample i.e. of the container). 
The coefficient of permeability can therefore be defined as "as the rate of flow per unit area 
for unit hydraulic gradient" and since the hydraulic gradient is dimensionless, k has the units 
of velocity. It is usually expressed in millimeters per second. Table 2.1 below shows typical 
ranges of k for various soil types. 
Table 2.1 : Typical coefficients of permeability for various soil 
Soil type Coefficient of permeability Degree of permeability 
Gravel 103 -10 mm/s High 
Coarse to fine sand 10-1O-~ Medium to high 
Very fine sand lO-l -lO- j Low 
Silt and fissured clay lO- j -10-' Low to very low 
Clays < 10-' Very low to impermeable 
Source: Alan Hartley(J984}. 
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The value of penneability is dependent upon a number of factors related to the soil and the 
fluid. These include the type, shape, packing and the extent of any layering of the soil 
particles; the degree of saturation of the soil; the viscosity of the water and the type of flow 
occurring within the soil. 
o APPARATUS : 
1. Penneameter cell similar to that shown schematically in Fig. 2.1. Its cylinder is 
transparent to allow observation of the sample and to pennit checking saturation As 
shown in Fig. 2.2. Piezometer taps are located along the side of the penneameter cell for 
measuring the total head loss along a given sample length. 
2. Perforated metal or plastic disks, porous stones, or circular wire screens, for a close fit 
inside the penneameter. 
3. Glass tubing 2 to 4 mm in diameter (piezometer) mounted on a panel. 
4. Flexible transparent hoses and screw clamps necessary to connect piezometer and water 
supply. 
5. Constant-pressure supply device for water supply. 
6. Deaired distilled water. 
7. Timing device. 
8. Graduated cylinder 100 mL. 
9. Silicon or vacuum grease . 
. 0. Ruler 
Transparent flexib1e tubing 
.:..~ .. -/~- - -
Figure 2.1: Penneameter cell Figure 2.2: Piezometer tap 
PTTA
PER
PUS
TAK
AAN
 TU
NKU
 TU
N A
MIN
AH
Faculty: Engineering 
Department: Civil Engineering 
Title: (PERMEABILITY TEST) 
MGIBK2A (Constant Head Method) 
Water 
supply ~ 
• 
Cross 
Datum 
Page: 
Edition: 
Checkin no: 
Effective date: 
Amendment date: 
Figure 2.3: Typical layout ofthe apparatus and experimental 
setup for constant head permeability test. 
I PROCEDURE : 
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1. Take a sample from a thoroughly mixed air dried or oven dried material. The initial 
moisture content of the sample shall be determined. 
2. Measure the inside diameter of the permeameter cell and the distance between 
piezometer taps to determine the permeameter volume if not already known (Vp). 
3. After greasing the inside slightly, clamp it between the compaction base plate and 
extension collar. 
4. Mix the dry soil material to be tested in a large pan. Then placing and compaction the 
specimen by the one of the following method: 
a. Hand tamping 
i. Place the soil in the permeameter in at least four layers, each of which is of a 
thickness a about equal to half the diameter. Place the first layer on the wire gauze 
or porous disc, and place subsequent layers on the previously levelled soil layer. 
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II. Avoid ~egregation o.f soi l ~articles when placing, such as b) using a small SC. oop or l 
a contamer fitted with a hinged base which can be controlled by a length of \\ ire 
Tamp each layer with a controlled number of standard blows with the lampmg rod, 
ensuring that the blows are evenly distributed. Level the surface of each layer, and 
lightly scarify it, before adding the next. 
b. Placing under water 
I. Thoroughly mix the prepared soil with de-aerated water and place the mixture in a 
suitable funnel fitted with a hung and length of flexible tubing. Support the funnel 
to that the tubing reaches to about 15mm above the bottom wire gauze or porous 
disc. 
II. Connect the control valve on the base of the permeameter to the de-aerated water 
supply and allow de-aerated water to enter the cell to a height of about 15 mm 
above the wire gauze or porous disc material. Take care that no air bubbles are 
trapped. 
111. Release the soil and water mixture into the cell, raising the funnel so that the end of 
the tubing is just at the water surface, which shall be maintained at about IS mm 
above the surface of the placed material by admitting more water through the base 
valve. 
iv. Continue until the cell is filled to the required level. This will result in a saturated 
sample of uniform density in a loose condition, If this condition is to be 
maintained, do not disturb the soil or jolt the cell, If higher density is required, 
tamp or vibrate the material during placement. 
Figure 2.4: Placing a sample by using funnel and flexible nozzle 
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5. After completion of a placing and compaction, weight of mould with sample. 
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6. Place the mould with sample in the penneameter and fill the penneameter cell with 
water and saturate the sample. 
Figure 2.5 : Fill the constant pressure tank before open 
inlet valve to saturate the sample 
7. Open the bottom outlet to create a gentle upward flow of water inside the sample. The 
water flow should displace and flush air from the tubing at the top of soil sample. 
Figure 2.6 : Open the bottom outlet to displace air from the sample 
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8. When the penneameter outlet valve is closed, there should be no flow inside the sample 
and the water levels in all the piezometric tubes should be identical. The elevation of 
the water column gives the total heads at the penneameter taps. When the outlet is 
opened the piezometric levels should first fall, then stabilize. When the piezometer 
levels stop moving, measure the vertical distance between their meniscus bottoms. This 
distance is equal to the total head drop. 
Figure 2.7 : Closed the outlet valve to measured the total head drop. 
9. Adjust the outlet valve and/or the water pressure of the supply tank to obtain the desired 
head drop . While the water flows at a steady rate and the piezometer levels are 
constant, collect water in a container at convenient intervals. Measure the water 
temperature and the weight of the water collected to detennjne its volume. 
Figure 2.8 : Collect water at convenient intervals. 
10. Repeat step 8 to 10 for four times for the same interval. Compute the coefficient of 
penneability for each measurement. 
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) COMMON ERROR: 
According to Robert W. Day (2001), the limitations to the laboratory permeability test is; 
1. Ifthe soil is not saturated, then the coefficient of permeability may be underestimated. 
2. If alternating layers of lighter or darker soil are observed at the end of the test, this could 
indicate segregation of soil particles during the test. 
3. If any soil particles are observed in the water that exits the soil specimen, this could 
indicate piping of soil particles through the porous plate or screen. 
I EXAMPLE AND QUESTION: 
:ample: Height ofsample(L) 
Diameter sample 
Sample crossection area(A) 
Volume (V) 
Cylinder weight 
Cylinder weight + sample 
Sample weight (M) 
Average unit weight of sample yb 
L = 93.6 x 1O-3m A = 4.46 x 10-3m2 
Time Test no. Total flow q - Q/t (mj/s) 
t (s) Q(ml) 
120 1.73 1.442 x 10-' 
120 2 2.21 1.842 x 10-0 
120 3 1.82 1.517 x 10-' 
120 4 1.93 1.608 x 10-0 
120 5 2.08 1. 733 x 10-' 
93.6 X 10.3 m 
75.38 x 10-3 m 
7t/4 ( 75.38 x 10-3 )2 
4.46 x 10-3 m2 
AL 
4.46 x 10-3 m ( 93.6 x 10-3 ) 
4.177 X 10-4 m3 
1.52 kg 
2.48 kg 
1.23 kg 
M 
V 
1.23 ( 9.81 x 10.3 ) 
4.177 X 10-4 
28.89 kN/m3 
Difference Hydraulic 
hydraulic gradient 
head h (m) i =h/L 
0.154 2.032 
0.180 2.375 
0.161 2.124 
0.168 2.216 
0.178 2.348 
Velocity of 
flow 
v = q/A (m/s) 
3.23 x 10"" 
4.13 x 10"" 
3.40 x 10"" 
3.60 x 10"" 
3.88 x 10"" 
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A velocity (v) graph versus hydraulic gradient (i) is drawn as in Fig. 2.9. The value of 
coefficient of permeability k is a slope of the graph. 
Velocity (V) 
4.4 -
4.2 -
4.0 -
3.8 -
3.6 -
3.4 -
3.2 _ 
3.0 
I 
2.0 
I I 
2.1 2.2 
I 
2.3 
I 
2.4 
I ( i) 
2.5 hydraulic 
gradient 
Figure 2.9 : Velocity graft versus hydraulic gradient for 
determine coefficient of permeability 
lestion: 
Refer page 54. 
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} DATA SHEET: 
Location ......................................................................................... 
Loc. no. . ....................................................................................... . 
Soil description : ....................................................................................... . 
Sample no. . ........................................................................................ . 
Sample type ......................................................................................... . 
Date of testing ........................................................................................ . 
Operator .......................................................................................... 
Height of sample (L) 
Diameter sample 
Sample crossection area (A) 
Volume (V) 
Cylinder weight 
Cylinder weight + sample 
Sample weight (M) 
AL 
Average unit weight of sample yb M 
V 
Time 
t (s) 
Test no. Total flow 
Q(ml) 
Flow rate 
q = Qlt (m3/s) 
m3 
kg 
kg 
kg 
Difference 
hydraulic 
head h (m) 
Hydraulic Velocity of 
gradient flow 
i = h/L v = q/A (mls) 
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The f~lIing h~ad penneability test is used to detennine the coefficient of pcnncabililv of a 
fine gramed soil (such as fine sand, silt or clay). . 
.0 INTRODUCTION: 
Perme~~i\i~ i~ defined as the ability of water to flow through a saturated soil. A high 
permeability mdlca~~s that wat~r. flo~s rapidly through the void spaces, and vice versa. A 
measur~ of the S?I~ s penneabllIt~ IS the coefficient of penneability, also known as the 
hydraulic conductiVity. The coeffiCient of penneability can be measured in the laboratory by 
using the co~stant ~ead test or ~he falling head test. The falling head does not fix the total 
head. It l~ts It fall m the standpipe connected to the upper part of the specimen. The falling 
he~d test IS g~nerally u~ed ~or less P~;meable soils (fine sand to fat clay) with k 10') mm/s. 
It IS not practical for SOlI With k > 10 mm1s because the head falls to rapidly to be measured . 
. 0 NEED AND SCOPE OF EXPERIMENT: 
The test results ofthe falling head penneability experiments are used: 
1. To estimate ground water flow. 
2. To calculate seepage through dams. 
3. To find out the rate of consolidation and settlement of structures. 
4. To plan the method oflowering the ground water table. 
5. To calculate the uplift pressure and piping. 
6. To design the grouting. 
7. To design pits for recharging . 
. 0 THEORY: 
The flow of water through fine grained soils is much slower than that for coarser materials 
and consequently the quantity of water which can be collected during a constant head test is 
often insufficient to be reliably measured. Hence the coefficient of penneability of fine 
grained soils is usually detennined using the falling head penneameter. The principle of 
falling head test is shown in Fig. 2.10. The sample is usually undisturbed and often contained 
in the sampling tube, the base of which is connected to the reservoir and the top to a 
standpipe of known cross-sectional area, a. Filters are placed at each end of the sample. On 
opening the stopcock water will pass through the soil and the water level wiIl fall. A series of 
tests is carried out using standpipes of different diameter, the standpipe levels at given times 
being recorded. 
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Figure 2.10: The principle of falling head test. 
From Darcy's Law: 
and the velocity of flow in the standpipe at any instant, 
dh 
v = --
dt 
where dh = the head drop in time dt. 
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But i = hll , and hence the flow in unit time is given by, 
h dh q =k-A =-a-
I dt 
ence, 
dh Ak 
-a-=-dt 
h l 
dt =~( -dh) 
Ak h 
al II, 
t = Ak loge h2 
and hence, 
k = al COge II, -loge h2 ) 
A t2 -t, 
al e h2 [log ~1 
=A~ 
al II, 
= 2.3026-log lO hz At 
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1.0 APPARATUS: 
I. Permeameter with its accessories. 
2. Standard soil specimen (clay). 
3. Balance sensitive to 0.01 g. 
4. Glass standpipe with its support. 
5. Transparent flexible hoses, screw clamps and so on. 
6. Stop watch. 
7. Deaired water, measuring jar and ruler. 
Figure 2.11 : Apparatus for falling head test 
Figure 2.12 : Setup of falling head permeability device 
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Preparation Of Sample. 
I. Weight the mould correct to a gram. 
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Figure 2.13 : Weight the mould. 
490f7S 
2. Put a 3 cm collar to a mould and compact the soil in 3 layers with 27 blow with 2.5 kg 
dynamic tool. 
Figure 2.14 : Compact the soil in 3 layer. 
3. Remove the collar and detennine the moisture content. Then trim off the excess. 
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Figure 2.15 : Trim off the excess 
4. Weight the mould and soil to detennine burke density. 
Figure 2.16: Weight the mould and soil. 
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5. fusert the sealing gasket and place the soil specimen on the perforated base plate and fix 
the specimen on it. 
Figure 2.17 : Fix the specimen on the perforated base plate. 
PTTA
PER
PUS
TAK
AAN
 TU
NKU
 TU
N A
MIN
AH
-Faculty: Engineering ---F'~ i 51 IIf ~ 
Department: Civil Engineering L Edition-:--~ 
r.r~~~~~~lrrv~~~ ______ 4··fCb;~c~ ~c~c~ingno: ----~I----~ 
J Title: (pERMEABILITY TEC::T) t -----1
1 
M ~u I Effecthe..!!at: _ 
GIBK2B (Falling Head .Method) Amendment d-n-tc-' -: -t-
, .... ...,... .~ 
'I . • j , . 
6. Insert the sealing gasket on the top of soil specimen and fix the lOp cap. 
Figure 2.18 : Specimen is ready for lest. 
Testing Procedure. 
7. Put a specimen into a test mould to determine the datum. 
Figure 2.19: Specimen in a test mould. 
8. Connect inlet nozzle of the mold to the stand pipe and determine the datum and height. 
Then allow some water to flow until steady flow is obtained. 
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Figure 2.20 : Determine the datum and height. 
9. Note down the time interval 'I' for a fall of head in the standpipe 'h'. 
Figure 2.21 : Testing in progress. 
10. Repeat step 10, two times to determines ' I' for the same head. 
al h, 11 Find the average coefficient of permeability using equation, k = 2.3026-10g1o -. At h2 
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1.0 COMMON ERROR: 
According to Robert W. Day (2001), the limitations to the laboratory permeability test is: 
1. If the soil is not saturated, then the coefficient of permeability may be underestimated. 
2. If alternating layers of lighter or darker soil are observed at the end of the test, this 
could indicate segregation of soil particles during the test. 
3. If any soil particles are observed in the water that exits the soil specimen, this could 
indicate piping of soil particles through the porous plate or screen. 
1.0 EXAMPLE AND QUESTION: 
~xample: Height of sample(l) = 127 x 10-3 m 
Diameter sample = 102 x 10-3 m 
Sample cross section area (A) = 1t/4 ( 102 X 10-3 )2 
= 8.171 X 10-3 m2 
Volume (V) = AL 
= 8.171 X 10-3 m ( 127 x 10-3 ) 
= l.034 X 10-3 m3 
Cylinder weight = l.04 kg 
Cylinder weight + sample = 2.90 kg 
Sample weight (M) = l.86 kg 
Average unit weight of sample yb = M 
V 
= l.86 (9.81 x 10-3 ) 
l.038 X 104 
= 17.58 kN/m3 
Diameter tube = 5.8 x 10-sm Tube cross section area (a) = 2.64 x 1O-3m2 
Test no. Time t (s) hI (m) h2 al h, k = 2.3026-log1o - mm1s 
At h2 
1 54.1 51.1 24.3 
2 54.7 51.1 24.3 
3 55.3 51.1 24.3 
Average value of k 
Find the average value of k. 
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Question: 
1. What is the purpose of the constant head permeability test? 
2. What is the purpose of the falling head permeability test? 
3. Does the measurement of permeability increase or decrease with the air content of the test 
water? 
4. Does the measurement of permeability increase or decrease with water temperature? 
Why? 
o DATA SHEET: 
Location : ........................................................................................ 
Loc. no. : ........................................................................................ 
Soil description : ........................................................................................ 
Sample no. : ......................................................................................... 
Sample type : ......................................................................................... 
Date oftesting : ........................................................................................ 
Operator : ......................................................................................... 
Height of sample (L) = m 
Diameter sample = m 
Sample cross section area (A) = m2 
Volume (V) = AL = m 3 
Cylinder weight = kg 
Cylinder weight + sample = kg 
Sample weight (M) = kg 
Average unit weight of sample yb = M = kN/m3 
V 
Diameter tube = m 
Tube cross section area (a) = m2 
Test no. Time t (s) hI (m) h2 at h.. k = 2.3026-loglO - mmls 
At h2 
1 
2 
3 
Average value of k 
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Shear Strength 
1. MGIBK3A (Direct Shear Test) 
2. MGIBK3B (Unconfined Compression Test) PTT
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sting Sub topic Under Topic, Shear Strength: 
1. MGIBK3A (Direct Shear Test) 
2. MGIBK3B (Unconfined Compression Test) 
Ident Learning Objectives: 
Student should be able to: 
1. Understand the mechanism of shearing failure in soils. 
2. Appreciate how the conditions imposed in shearing tests influence the results obtained. 
3. Know that various types of equipment can be used to carry out shearing strength tests 
and the test procedures which need to be followed in order to obtain realistic results. 
4. Calculate shearing stress parameters using the data obtained from shearing strength 
tests. PTTA
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1.0 OBJECTIVE: 
-
The direct shear t~st is used to detennine the shear strength of soils on predetennined 
failure surfaces. The direct shear test is also the most common laboratory equipment used to 
obtain the drained shear strength (shear strength based on effective stress) of a cohesionless 
soil. The purpose of the direct shear test is to literally shear the soil specimen in half along a 
horizontal failure surface. 
~.O INTRODUCTION: 
The direct shear test, first used by Coulomb in 1776, is the oldest type of shear testing 
equipment. The direct shear apparatus has the means for applying a vertical load (also 
known as the normal force or nonnal stress) to the top of the soil specimen, and there are 
porous plates on both the top and bottom of the soil specimen to allow for migration of water 
into or out of the soil specimen. The direct shear box is usually circular and has two halves 
of equal thickness, which are fitted together with alignment pins. The lower half of the direct 
shear box is firmly anchored, while the upper half of the direct shear box has the ability to be 
deformed laterally. By applying a horizontal force to the top half of the direct shear box, the 
soil specimen is sheared in half along a horizontal failure plane. Dial gauges are used to 
measure both the vertical and horizontal defonnation of the soil specimen during the 
shearing process. 
1.0 NEED AND SCOPE OF EXPERIMENT: 
In many engineering problems such as design of foundation, retaining walls, slab bridges, 
pipes, sheet piling, the value of the angle ofintemal friction and cohesion of the s?il involved 
are required for the design. Direct shear test is used to predict these parameters qUickly. 
1.0 THEORY: 
Alan Hartley (1984), the shearing strength of a soil is made up of two components: 
a. A "friction" component which is due to the intergranular forces existing between the soil 
grains and which is directly proportional to the effective stress normal to the shear 
surface. . 
b. A "cohesive" component which is related to the type, size and packing of the soil grams 
and to the suction properties of the soil. 
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Coulomb proposed that the shearing strength of a soil t. is governed by the straight line 
equation: 
t=c+atan¢ 
where, c = apparent cohesion; 
(J' = the stress normal to the shear plane; 
¢J = the angle of shearing resistance (or internal friction) of the soil. 
Following th~ introduction of this principle by Terzaghi, the equation is usually expressed 
in terms of effective stress, thus: 
where, 
t' = c' + a'tanq,' 
c = apparent cohesion with respect to effective stress; 
d = (J'- u, the effective stress normal to the shear plane; 
f = the angle of shearing resistance with respect to effective stress. 
The modified Coulomb equation is shown diagrammatically in Fig. 3.1. 
stress T 
,1 __ _ 
Figure 3.1 : Coulomb's law of shearing resistance in graphical form 
From the above it can be seen that the presence of water pressures can have a major 
influence on the shearing strength of a soil. With coarse-grained soils drainage is normally 
good such that the condition of effective stress increase equal to the total stress increase 
applies almost instantaneously. With fine grained soils however, the rate of water 
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movement is such that ~ considerable time may elapse before the effective stress increase is 
equal to th~ to~al stress mcrease. Hence the rate and length of time of testing is important in 
the determmatIOn of ~he strength o~ such soils. The influence of time on the development of 
pore water and effectIve pressures m cohesive soils is shown in Fig. 3.2. Thus if a saturated 
clay is subjected to an increase in total stress (J', this stress will initially be carried by the 
pore-water pres~ure u'. As this gradually dissipates with time, so the effective stress d, 
increases, the soIl partIcles coming into closer contact as the water is forced out of the clay. 
If sufficient time elapses the effective stress increase will eventually become equal to the 
applied stress, the pore-water pres-sure having been reduced to zero. 
/. LOiding perioo 
Applied ~ 
st,ess o 
'\ ....... -:-
'\ / 41 
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/ , ............ ul 
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Figure 3.2 : Pore water pressure/effective pressure/time relationship. 
A typical curve of shearing stress 't, against horizontal displacement O}, for a given 
normal stress cr, on a well compacted sand is shown in Fig. 3.3 (a). From this it can be seen 
that the shearing stress reaches a peak value 't(max), and then decreases to lower value while 
shearing still continues. Fig. 3.3(b) shows a plot of peak shearing stress 't(max), against 
normal stress 't, for a series of tests on well compacted and using different compressive loads 
normal to the shear plane. Such plots are commonly found to give a straight line graph 
inclined at an angle cp, to the horizontal, where cp is known as the angle of shearing resistance 
(or of internal friction) ofthe soil. 
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Figure 3.3 : Shear box test (a) Plot of shear stress against horizontal displacement for 
a single test. (b) Plot of peak shear stress against normal stress for a series of 
tests. 
;.0 APPARATUS : 
I. Direct shear box apparatus 
2. Loading frame (motor attached). 
3. Dial gauge. 
t Proving ring. 
5. Tamper. 
5. Straight edge. 
7. Balance to weigh upto 200 mg. 
g. Aluminum container. 
j, Spatula. 
Figure 3.4 : Apparatus for direct sheM test. 
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6.0 PROCED RE: 
1. Preparation of sample. 
Figure 3.5: Preparation of sample. (a) Knock the board on the mould by usmg a rubber 
hammer. (b) Mould after knock. (c) By using a hammer dig around the mold 
and make sure that the sample is not being undisturbed. (d) frimmed the oil 
specimen equal to mould height. 
2. Assemble the shear box and inserting soil specimen into the direct shear box. 
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Figure 3.6 : Step to assemble the shear box. (a) Level and match the direct Shear box. 
(b) Put a pallet in the shear box. (c) Put a bottom porous plate on the parallel 
by moving the shear box. (d) Put the above part of shear box. (e) Put in the soil 
specimen into the shear box. (f) Press in the soil sample into the shear box. (g) 
Place the top part of porous plate on the soil specimen as the same direction as 
the bottom. (h) Put on the loading plate on the soil specimen. 
3. Setting and applying vertical load to the direct shear box equipment. 
(a) (b) 
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Figure 3.7: Step to setting and applying a vertical load to the equipment. (a) Put a 
load hanger on the soil sample. (b) Level the counterweight mechanism. (c) 
Apply the deSIred normal load. (d) Before starting the experiment set both of 
the dial gauges zero. 
4. Start the motor. Take the reading of the shear force and record the reading. 
Figure 3.8 : Push the on button to start the motor. 
7.0 COMMON ERROR: 
Probably the three most common problems with the direct shear testing are that 
1. The soil specimen is disturbed. 
2. The soil is not saturated prior to shearing. 
3. The soil is sheared too quickly. 
A disturbed soil specimen can result in the effective friction angle being 
underestimated, while failure to saturate the soil and shearing the soil too quickly often 
result in an overestimation of the shear strength of the soil. 
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8.0 EXAMPLE AND QUESTION: 
Example: 
60 rom square specimens of a sandy-clay tested in a shear box yielded the following results, 
at failure: 
Vertical Load 
(kN) 
0.36 
0.72 
1.08 
1.44 
Proving ring dial gauge 
reading (Ilm) 
15 
22 
29 
36 
The proving ring had a calibration constant of 25 NLIlID. Plot a graph of compressive stress 
against shear stress and hence determine the apparent cohesion and angle of shearing 
resistance of the soil. 
Compressive Load 
(kN) 
0.36 
0.72 
1.08 
1.44 
Compressive stress 
0" (kN/m2) 
100 
200 
300 
400 
Dial gauge reading 
(Jlffi) 
15 
22 
29 
36 
Sheer stress 
t (kN/m2) 
104.2 
152.8 
201.4 
250.0 
By plotting the shear stress, t, against the compressive stress normal to the shear plane, 0", 
the graph shown in Fig. 3.9 is obtained. The values of apparent cohesion and angle of 
shearing resistance resulting from the failure envelope are then found to be 55 kN/rnZ and 
26° respectively. 
uestion: 
Refer page 73. 
, 
(kN/m', 300 
200
1 
/-3' 
100/ 
c· 55 I ~-"'--~::r:--:r:--"";"C" 
o 100 :roo 300 .00 
a IkPII/m') 
Figure 3.9 : Shear box test result. 
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9.0 DATA SHEET: 
Location: Loc. No.: 
Soil descri~tion: Sample No. 
r-sample type : D~th of SllIl!E1e : 
'Operator: Date Started: 
Specimen No. 
Load 
Displacement Proving Ring Shear stress Strain 
Dail gauge ~L Dail gauge Load,P T = PI A eL =~LIL 
(DIY) (mrn~ (DIY) l!®. (KN 1m2) 
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1.0 OBJECTIVE: 
The. uncon~ned c~m~ression test is used to measure the unconfined shear strength of 
fine-gramed sOlIs, WhIch IS an approximate value of their undrained shear strength. This test 
is applicable only to cohesive materials such as saturated clays or cemented soils that retain 
an intrinsic strength without a confining pressure. It is not applicable to dry or cohesionless 
soils, such as gravels and sands. 
2.0 INTRODUCTION: 
The unconfined compression test is a very simple type of test that consists of applying a 
vertical compressive pressure to a cylinder of laterally unconfined cohesive soil. The 
unconfined compression test is also known as a simple compression test. The unconfined 
compression test is most frequently performed on cohesive soils that are in a saturated 
condition, such as soil obtained from below the groundwater table. Because the soil specimen 
is laterally unconfined during testing (i.e., no lateral confining pressure), the soil specimen 
must be able to retain its plasticity during the application of the vertical pressure. In addition, 
the soil must not expel water (known as bleed water) during the compression test. For these 
reasons, the unconfined compression test is most frequently performed on saturated clays. 
3.0 NEED AND SCOPE OF EXPERIMENT: 
It is not always possible to conduct the bearing capacity test in the field. Some times it is 
cheaper to take the undisturbed soil sample and test its strength in the laboratory. Also to 
choose the best material for the embankment, one has to conduct strength tests on the 
samples selected. Under these conditions it is easy to perform the unconfined compression 
test on undisturbed and remoulded soil sample. Now we will investigate experimentally the 
strength of a given soil sample. 
1.0 THEORY: 
Undrained Conditions (Quick test) 
As no drainage is allowed the specimen can be loaded without allowing time for dr.ainage 
and thus the test is relatively "quick". Usually the load is applied to give a rate of stram of 2 
percent per minute i.e. 1.5 rom per minute for a 75 rom long sample. 
As the sample will normally be saturated, there can be no change in volume. He~ce by 
measuring the vertical compression the cross sectional area of the sample can be determmed 
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at any stage in the tes.t and thus enables the vertical pressure to be determined. If the initial 
height and. cross-sectI~nal ar~a are H and A, and at a given time the compression is h 
correspondmg to a vertIcal stram. h IH. then the average area A' at that time can be obtained. 
HA = (H-h)A' , 
Where, 
'. A'=~A 
(H -h) 
h 
&=-
H 
1 A 
= A =-1-(~) 1-& 
Hence for a vertical load P, the corresponding vertical stress on the sample is equal to, 
For Unconfined Compression Test, 
L (1 - E) 
A 
The sample to be tested is placed between two platens, one of which is fixed, the other 
being movable. Vertical load is applied by means of a lead screw via a calibrated spring, 
which connects to the moving platen. A pivoted scribe arm attached to the lower platen 
traces the movement due to the application of load on to a chart. The horizontal movement 
recorded measures the compression ofthe specimen and the vertical displacement records the 
spring extension. Springs of different stiffness can be used, each having a transparent 
calibrated mask which when placed over the chart enables the vertical force and hence the 
stress on the specimen to be determined. The test is usually rapid and without drainage taking 
place and since there is no lateral stresses, the Mohr's stress circle will pass through to origin 
as shown in Fig. 3. 10. 
., 
</1=0 
~ -- -- -:::;;;;o.-~-...... ~-
c 
Figure 3.10: The mohr's stress circle. 
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Only one circle can be drawn and hence it IS not possible to determ ine the friction angle for 
the soil. lfthe soil sample is saturated, then the value of (p obtained from an undrained te~t 
would be zero . Hence the shear strength of the sOIL 
t = Cu = ~ 
2 
i.e. half the maximum compressive stress applied to the specimen . 
. 0 APPARATUS: 
1. Loading frame of capacity of 2 t, with constant rate of movement. 
2. Proving ring of 0.01 kg sensitivity for soft soils; 0.05 kg for stiff soils. 
3. Soil trimmer. 
4. Evaporating dish (Aluminum container). 
5. Frictionless end plates of 75 mm diameter 
6. Soil sample of 75 mm length. 
7. Balance sensitivity to weigh 0.01 g. 
8. Oven 
9. Sample extractor and split sampler. 
10. Dial gauge (sensitivity O.Olmm). 
II. Vernier calipers 
Figure 3.11 : Apparatus for unconfined compression test. 
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6.0 PROCEDURE : 
1. Push into the soil the sampling tube and then remove it by using a hoe. 
(a) (b) 
Figure 3.12 : Preparation of sample. (a) The sampling tube with a cutting edge 
is pushed into the soil. (b) By using a hoe dig around the tube to remove 
the tube. 
2. Reassemble the extractor and extrude the sample from the sampling tube. 
(a) (b) (c) PTTA
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(d) (e) 
Figure 3.13 : Assemble the extractor to extrude the sample from the sampling tube. 
(a) Put the tube at the extractor to remove the sample. (b) Carefully align 
the sample in the extractor. (c) Set in a plate extrude to the extractor. 
(d) Push up and down the pump to extrude the soil sample from the 
sampling tube. (e) Cover the sample, which is extruded from the 
sampling tube. 
3. Measure the length, diameter and weight of the sample. 
(a) (b) (c) 
Figure 3.14 : Process for measuring the length, diameter and weight of the sample. 
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4. Place the specimen centrally on the lower platen and rotate the handle to bnng the top 
of the specimen into contact with the top platen and in correct alignment. Stop and 
record the peak strength and the type of failure pattern (e.g., shear or bulge failure) . 
Figure 3.15 : Attach the dial transducer to the loading device to measure 
the deformation of the specimen and set the dial gauges zero. 
5. Apply axial force to the specimen by rotating the handle at a steady rate until the 
specimen fails. Ensure that the rate of deformation of the specimen is approximately 8 
mm!min, the aim being to achieve a test time of about 2 min for a specimen at 20 % 
strain. 
Figure 3.16: Apply axial force to the specimen. 
6. Continue the test until the maximum compressive stress has been passed, or in the ev~nt 
of plastic failure which does not exhibit a maximum strength, until a strain of 20 % as 
been reached. When a shear plane occurs, its angle should be recorded. 
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Figure 3.17 : Mode of failure 
7. After the test, remove the load from the specimen and determine the water content of 
the soil specimen. 
7.0 COMMON ERROR: 
Common errors with the unconfined compression test include the following (Rollings 
and Rollings, 1996): 
1. The test is run on inappropriate soil. 
2. There is a loss of moisture through evaporation during specimen preparation. 
3. The rate of strain or rate of loading is too fast. PTTA
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~.O EXAMPLE AND QUESTION: 
Example: 
An unconfined compression test carried out on a saturated sample of clay ga\ e the trace 
shown in Fig. 3. 16. The following data was recorded. . 
Specimen length 
Recording ann length from pivot to pencil 
Recording ann length from pivot to base 
Spring stiffness 
= 75 mm. diameter 37.5 mm 
= 250 mm 
=65 mm 
= 9 N/mm 
Determine the shear strength of the soil, Cu 
~ - . 
r---' 
.-. o 
/ 
35.Smm [7 10 
/ 
--
"- ~ V 1'-.... I - ~-I 
20 
30 
~ ... -
60 10 40 30 20 10 
Figure 3. 16: Unconfined compression test recordings. 
Horizontal movements are magnified in the ratio, 250/65 = 3.85 : 1. 
Hence 1 nun movement horizontally is equivalent to 1/3.85 mm compression of the sample 
:. compression of sample, 
Hence longitudinal strain at failure 
Maximum extension of spring, 
:. applied load at failure 
= 37 I 3.85 = 9.61 mm. 
9.65/75 = 0.128 = E 
35.5 nun 
= 35.5 x 9 319.5 N 
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Axial stress on sample 0"1, 
P -(1-&) = 
A 
319.5(1-0.128)x4 N/mm2 
1Cx37.52 
319.5 x 0.872 x 4x 106 kN/m2 = 
1Cx37.52 xl03 
= 252 kN/m2 
But shearing strength, 0"1 252 126 kN/m2 Cu = = - = 2 2 
Question: 
1. What is the purpose of the direct shear test? 
2. Why are the porous stone of a direct shear box serrated or provided with teeth? 
2. What is the purpose of the unconfined compression test? 
3. To which types of soil is the unconfined compression test applicable? 
4. What is the typical loading rate for the unconfined compression test? 
73 of 75 
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9.0 DATA SHEET: 
Location: Loc. No.: 
Soil description: Sam~eNo. 
Samplet~e : Depth of Sam pie : 
Operator: Date Started: 
Specimen no. 
Proving ring no. 
Mass wet soil 
Mass dry soil 
Length sample Lo 
Diameter sample 
Sample cross section area 
Displacement Proving Ring E =L/Lo i - E A' - Ao (j- PIA 
Dail gauge L Dail gauge P (m2) \- Eo (KN/m2) 
(DIY) (mm) (DIY) (KN) 
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Memurnikan Manual Dengan Berkonsepkan Mesra Pengguna 
****** Method 2 (covariance matrix) will be used for this analysis 
****** 
R E L I A B I L I T Y ANALYS I S S CAL E (A L P H A) 
Mean Std Dev Cases 
1. BAHASA 4.1429 .6901 7.0 
2. AYAT 4.1429 .3780 7.0 
3. KDUNGAN 3.8571 .3780 7.0 
4. OBJEKTIF 4.0000 .5774 7.0 
5. SKOP 4.2857 .4880 7.0 
6. TEORI 4.1429 .3780 7.0 
7. ARAHAN 4.2857 .4880 7.0 
8. CONTOH 4.1429 .6901 7.0 
9. SOALAN 4.0000 .5774 7.0 
10. RUJUKAN 4.2857 .7559 7.0 
11. PERSEMBA 4.0000 .5774 7.0 
12. FORMAT 4.0000 .5774 7.0 
N of Cases 7.0 
N of 
Statistics for Mean Variance Std Dev Variables 
Scale 49.2857 15.9048 3.9881 12 
Item Means Mean Minimum Maximum Range Max/Min Variance 
4.1071 3.8571 4.2857 .4286 1.1111 .0190 
Item Variances Mean Minimum Maximum Range Max/Min Variance 
.3135 .1429 .5714 .4286 4.0000 .0200 
Reliability Coefficients 12 items 
Alpha = .8329 Standardized item alpha .8176 
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Penggun .. n Pendekatan Gram. 
Method 2 (covariance matrix) will be used tor this analysIs 
R E L I A B I L I T Y A N A L Y S I S S C A L E iA L P H AI 
Mean Std Dev Cases 
13 . MEMAHAMI 4.8571 .3780 7.0 
14. MELlHAT 4.8571 .3780 7.0 
15. BOSAN 4.4286 .5345 7.0 
16. PANDUAN 4.5714 .7868 7.0 
17. MOTIVASI 4.2857 .7559 7.0 
18. MUDAH 4.5714 .5345 7.0 
19. MENERANG 4.4286 .5345 7.0 
20. SESUAI 4.2857 .4880 7.0 
21. SUSUNAN 4.2857 .4880 7.0 
22. PENTING 4.5714 .5345 7.0 
N of Cases 7.0 
N of 
Statistics for Mean Variance Std Dev Variables 
Scale 45.1429 15.4762 3.9340 10 
Item Means Mean Minimum Maximum Range Max/Min Variance 
4.5143 4.2857 4.8571 .5714 1.1333 .0463 
Item Variances Mean Minimum Maximum Range Max/Min Variance 
.3095 .1429 .6190 .4762 4.3333 .0258 
Reliability Coefficients 10 items 
Alpha = .8889 Standardized item alpha .8898 
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Kebolehgunaan dan Kebolehlaksanaan Manual Sebagai Panduan Untuk 
Menjalankan Ujikaji 
****** Method 2 (covariance matrix) will be used for this analysis 
****** 
R E L I A B I L I T Y A N A L Y S I S S CAL E (A L P H A) 
Mean Std Dev Cases 
23. T.SUKAR 4.0000 .5774 7.0 
24. KMAHIRAN 4.1429 .3780 7.0 
25. MAKLUMAT 4.2857 .4880 7.0 
26. MASA 4.1429 .6901 7.0 
27. LANCAR 3.8571 .6901 7.0 
28. MINAT 4.1429 .6901 7.0 
29. KSEDIAAN 3.8571 .6901 7.0 
30. STEMATIK 4.2857 .4880 7.0 
31. BMANFAAT 4.4286 .5345 7.0 
32. DGUNAKAN 4.5714 .5345 7.0 
N of Cases 7.0 
N of 
Statistics for Mean Variance Std Dev variables 
Scale 41. 7143 16.5714 4.0708 10 
Item Means Mean Minimum Maximum Range Max/Min Variance 
4.1714 3.8571 4.5714 .7143 1.1852 .0535 
Item Variances Mean Minimum Maximum Range Max/Min Variance 
.3429 .1429 .4762 .3333 3.3333 .0155 
Reliability Coefficients 10 items 
Alpha = .8812 Standardized item alpha .8868 
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Memurnikan Manual Dengan Berkonsepkan Mesra Pengguna 
****** Method 2 (covariance matrix) will be used for this analysis 
****** 
R ELI A B I LIT Y 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
BAHASA 
AYAT 
KDUNGAN 
OBJEKTIF 
SKOP 
TEORI 
ARAHAN 
CONTOH 
SOALAN 
RUJUKAN 
PERSEMBA 
FORMAT 
N of Cases 
Statistics for 
Scale 
Item Means Mean 
4.1500 
Item Mean 
Variances .4335 
A N A L Y SIS 
Mean 
4.0412 
4.0765 
4.2059 
4.1294 
4.1059 
4.2353 
4.0588 
4.1176 
4.0941 
4.1529 
4.4529 
4.1294 
170.0 
Mean 
49.8000 
variance 
15.1550 
Minimum Maximum 
4.0412 4.4529 
Minimum Maximum 
.2938 .7287 
Reliability Coefficients 12 items 
S CAL E (A L P H A) 
Std Dev 
.5894 
.5959 
.6240 
.8536 
.8359 
.6643 
.5726 
.5420 
.6178 
.6967 
.6160 
.6113 
Std Dev 
3.8929 
Range 
.4118 
Range 
.4349 
Cases 
170.0 
170.0 
170.0 
170.0 
170.0 
170.0 
170.0 
170.0 
170.0 
170.0 
170.0 
170.0 
N of 
Variables 
12 
Max/Min Variance 
1.10l9 .0122 
Max/Min Variance 
2.4806 .0196 
Alpha = .7164 Standardized item alpha .7266 
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Penggunaan Pendekatan Grafik 
****** Method 2 (covariance matrix) will be used for this analysis 
****** 
R E L I A B I L I T Y ANALYS I S S CAL E (A L P H A) 
Mean Std Dev Cases 
13. MEMAHAMI 4.3588 .6111 170.0 
14 . MELlHAT 4.3941 .5888 170.0 
15. BOSAN 4.4353 .6239 170.0 
16. PANDUAN 4.3294 .5523 170.0 
17. MOTIVASI 4.1412 .6733 170.0 
18. MUDAH 4.3706 .5841 170.0 
19. MENERANG 4.5235 .5240 170.0 
20. SESUAI 4.2176 .5906 170.0 
2l. SUSUNAN 4.2529 .4873 170.0 
22. PENTING 4.5059 .6081 170.0 
N of Cases 170.0 
N of 
Statistics for Mean Variance Std Dev variables 
Scale 43.5294 12.2979 3.5068 10 
Item Means Mean Minimum Maximum Range Max/Min Variance 
4.3529 4.1412 4.5235 .3824 1.0923 .0150 
Item Mean Minimum Maximum Range Max/Min Variance 
Variances .3440 .2374 .4533 .2159 1.9094 .0037 
Reliability Coefficients 10 items 
Alpha ; .8004 standardized item alpha .8016 
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Kebolehgunaan dan Kebolehlaksanaan Manual Sebagai Panduan Untuk 
Menjalankan Ujikaji 
****** 
****** 
Method 2 (covariance matrix) will be used for this analysis 
R E L I A B I L I T Y 
23. T.SUKAR 
24. KMAHIRAN 
25. MAKLUMAT 
26. MASA 
27. LANCAR 
28. MINAT 
29. KSEDIAAN 
30. STEMATIK 
31. BMANFAAT 
32. DGUNAKAN 
N of Cases 
Statistics for 
Scale 
Item Means 
Item 
Variances 
Mean 
4.1806 
Mean 
.3251 
ANALYS I S S CAL E (A L P H A) 
Mean Std Dev Cases 
4.0176 .4279 170.0 
4.1000 .4822 170.0 
4.2059 .6785 170.0 
4.1294 .5815 170.0 
4.0765 .5653 170.0 
4.1529 .6437 170.0 
4.2294 .5220 170.0 
4.1941 .6554 170.0 
4.2765 .5547 170.0 
4.4235 .5412 170.0 
170.0 
N of 
Mean Variance Std Dev Variables 
41.8059 10.0272 3.1666 10 
Minimum Maximum Range Max/Min Variance 
4.0176 4.4235 .4059 1.1010 .0132 
Minimum Maximum Range Max/Min Variance 
.1831 .4603 .2772 2.5138 .0078 
Reliability Coefficients 10 items 
Alpha = .7509 standardized item alpha .7514 
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